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PROCESS SPECIFICATION 


POTTING OF CONNECTORS USING 
SILICONE RUBBER POTTING COMPOUND 


1 SCOPE 

1-1 Scope • This document covers two methods for the Potting c 4 Connectors 
with Silicone Rubber Potting Compound* 

1*1.1 Method A - Covers the procedure end curing of Silicone Rubber 
Compound, 24 hours minimum at room temperature. 

1*1.2 Method B - Covers the procedure and curing of Silicone Rubber 
Compound 6 hours minimum at 115° * 5°F. 

2 APPLICABLE DOCUMENTS 


2-1 The following documents form a part of this specification te tbs extent 
specified herein. 


Specifications 

Federal 

BB-F-671 

Drawings 
NASA Drawings 
1012515 
1012514 
1012515 


FREON, T.F. 


Nomenclature 

Compound, Potting-Sil|cone Rubber 
Catalyst 

Primer, Silicone 
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4.1. 2 AU surfaces to be potted shall be completely primed by application of 
1012513 primer. Apjdication may be accomplished by use of soft bristle brush 
or other suitable method. This primer coating shall be allowed to air dry for 
15 minutes at room ambient temperature. 

4.1. 3 Place connectors in appropriate potting molds* dress wires and . 

harness in potting area. * 

4. 2 MIXING OF POTTING MATERIALS 

4.2. 1 Thoroughly mix the following materials at room temperature in a 
smooth sided container. 


FORMULA 

Silicone Rubber Compound per 1012515 25 * 1 gram 

Catalyst per SCD 1012514 1.0 * 0.1 gram 

Note #1. Pot life of this mixture ie 1 to 3 hours at 
room temperature. 

Note #2. Ratio of 25:1 to be maintained* amount 
mixed can be varied. 

4.2.2 Evacuate the resin mixture to 20 mm Hg (0. 8 inches Hg) maximum 
alternately pulling vacuum and breaking to atmospheric pressure until number 
of air bubbles reaching surface are minimised. 

4-2. 3 Fill the syringe to one -half its volume with the resin mixture. 

4.2.4 Inject the resin mixture into the specified areas on the connector. Use 
caution to minimise the entrapment of air by keeping end of syringe at lowest 
level. 


4. 3 CLEANING - Clean off any excess silicone rubber mixture with a spatula 
or equivalent. 
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4.4 CURING - Cure the potted connector using one of the following cure cycles. 

Method A • 24 hours minimum at room temperature , 

Method B - 6 hours minimum at 115° i 5° F 

CAUTION • Excessive temperatures can cause 
incomplete curing because of 
volatilization of catalyst. 

4. 5 Remove assembly from mold, and trim off any excess resin. 

5 QUALITY ASSURANCE PROVISIONS 

5.1 The cured silicone rubber shall have filled or covered the required space 
and be in intimate contact with the surfaces for which it was intended. 

5.2 The encapsulated area shall present a clean, smooth, tough, rubbery, 
non-tacky surface. To the naked eye it shall be free of voids, flashiness, and 
surface defects. 

5. 3 QUALIFICATION OF MATERIALS - Prior to encapsulation, the materials 
to be used in each production lot shall be tested as follows: 

5. 3. 1 At least 50 grams shall be mixed per paragraph 4.2.1 and evacuated 
per paragraph 4. 2. 2. The sample mixture shall then be poured intb a mold 
having a volume of 1 cubic inch and cured per paragraph 4.4. 

5. 3. 2 The 1 cubic inch volume sample (dimensions-1/4" x 2" x2") shall be 
weighed and the density caluclated. The parent batch of materials from which 
the sample cube is made shall not be used if the density is not equal to 
18.5 i 1.5 grams/in 3 . 

5.4 SHELF LIFE. • The silicone rubber compound shall have a shelf life 
12 months from date marked on container. 

6 NOTES. None. 
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PROCESS SPECI FI CATION 
FOR 

POTTING OF CONNECTORS USING 
SILICONE RUBBER POTTING COMPOUND 


1 SCOPE 

1-1 Scope - This document covers two methods for the Potting of Connectors 
with Silicone Rubber Potting Compound. 

1-1. 1 Method A - Covers the procedure and curing of Silicone Rubber 
Compound. 24 hours minimum at room temperature. 

1- 1.2 Method B - Covers the procedure and curing of Silicone Rubber 
Compound 6 hours minimum at 115° + 5°F. 

2 APPLICABLE DOCUMENTS 

2- 1 The following documents form a part of this specification to the extent 
specified herein. 

Specifications 
Federal 
BB-F-671 
ND 1002146 

Drawings 
NASA Drawings 
1012515 
1012514 
1010900 
1012513 


FREON. T. F. 

Process Specification for Etching of Teflon 


Nomenclature 

Compound. Potting-Silicone Rubber 

Catalyst 

Primer, 

Primer. Silicone 


i I 


L 
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3. MATERIALS AND EQUIPMENT 

3.1 Silicone Rubber Compound per 1012515 

3.2 Curing agent per 1012514 

3.3 Primer per SCO 1010900 or 1012513 

3.4 FREON TF per federal specification BB-B-671 

3.5 Circulating air oven capable of maintaining temperatures to 115° 4 5°F 

3.6 Balance with gram weights 

3.7 Polyethylene syringe, spring activated 

3.8 Suitable holding fixture 

3.9 Cotton swabs 

3. 10 Disposable polyethylene containers with smooth inner surface 

3.11 Spatula 

3.12 Tweesers 

3.13 Vacuum system capable of producing a vacuum of 20 mm Hg minimum 

3. 14 Etching solution; Teflon per 1010702 

4. POTTING OF CONNECTORS 

4.1 Preparation of Surfaces 

4.1.1 All exposed surfaces in general area to be potted shall be cleaned of 
grease, oil, wax, foreign material, etc, using FREON T.F., or equivalent. 

4. 1.2 All exposed teflon surfaces in the general area to be potted shall have 
been or shall be etched using etching solution 1010702 in accordance with 
ND 1002146 
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4.1.3 All surfaces to be potted shall be completely primed by application 
of 1012513 or 1010900 primer. Application may be accomplished by use of 
soft bristle brush or ether suitable method. This primer coating shall be 
allowed to air dry for 15 minutes at room ambient temperature. 

4.1.4 Place connectors in appropriate potting molds, drese wires and 
harness in potting area. 

4.2 MIXING OF POTTING MATERIALS 

4.2.1 Thoroughly mix the following materials at room temperature in a 
smooth sided container. 

FORMULA 

Silicone Rubber Compound per 1012515 25 4 1 gram 

Catalyst per SCO 1012514 1.0 + 0.1 gram 

Note #1. Pot life of this mixture is 1 to 3 
hours at room temperature. 

Note #2. Ratio of 25:1 to be maintained, 
amount mixed can be varied. 

4.2.2 Evacuate the resin mixture to 20 mm Hg (0.8 inches Hg) maximum 
alternately pulling vacuum and breaking to atmospheric pressure until number 
of air bubbles reaching surface are minimised. 

4.2.3 Fill the syringe to one “ha If its volume with the resin mixture. 

4.2.4 Inject the resin mixture into the specified areas on the connector. 
Use caution to minimise the entrapment of air by keeping end ef syringe el 
lowest level. 

i 

4.3 CLEANING - Clean off any excess silicone rubber mixture with • 

spatula or equivalent. 
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3. MATERIALS AND EQUIPMENT 

3.1 Silicone Rubber Compound per 1005008 

3.2 Curing agent per 1005011 

3.3 Primer per SCD 1010900 or 1012513 

3.4 FREON TF per federal specification BB-B-671 

3.5 Circulating air oven capable of maintaining temperatures to 115* ± 5*F 

3.6 Balance with gram weights 

3.7 Polyethylene syringe, spring activated 

3.8 Suitable holding fixture 

3.9 Cotton swabs 

3.10 Disposable polyethylene containers with smooth timer surface 

3.11 Spatula 

3.12 TWee s e re 

3.13 Vacuum system capable of producing a vacuum of 20 mm Hg minimum 

3.14 Etching solution; Teflon per 1010702 

4. POTTING OF CONNECTORS 

4.1 Preparation of Surfaces 

4.1.1 All exposed surfaces in general area to be potted shall be cleaned of grease, 
oil, wax, foreign material, etc, using FREON T. F., or equivalent. 

4.1.2 All exposed teflon surfaces in the general area to be potted shall have been or 
shall be etched using etching solution 1010702 in accordance with ND 1002146. 

4.1.3 All surfaces to be potted shall be completely primed fay application of 
1012513 or 1010900 primer. Application may be accomplished fay use of soft bristle 
brush or other suitable method. This primer coating ahall be allowed to air dry for 
15 minutes at room ambient temperature. 







APOLLO G ft N Specification 
ND 1002240 
Rev. C 

4.1.4 Place connectors in appropriate potting molds, dress wires and harness 
in potting area. 

4.2 MIXING OF POTTING MATERIALS 

4.2.1 Thoroughly mix die following materials ai room temperature in a smooth 
sided container. 

FORMULA 

Silicone Rubber Compound per 1005008 100 parts by weight ± 1% 

Catalyst per SCD 1005011 10 parts by weight ± 5% 

Note #1. Pot life of this mixture is 1 to S 
hours at room temperature. 

4.2.2 Evacuate the resin mixture to 20 mm Hg (0.8 inches Hg) maximum alternately 
pulling vacuum and breaking to atmospheric pressure until number of air bubbles 
reaching surface are minimised. 

4.2.3 Fill die fringe to one-half its volume with die rests mixture. 

4.2.4 hgeet the resin mixture into dm specified areas on the connector. Use 
caution to m i n i m ise the entrapment of air by keeping end of fringe at lowest level. 

4.3 CLEANING - Clean off any excess silicone rubber mixture with a spatula or 
equivalent. 

4.4 CURING - Cure the potted connector using one of the following cure cycles. 

Method A - 24 hours minimum at room temperature 
Method B - 6 hours minimum at 115* ± 5*F 

CAUTION - Excessive temperatures can cause 
incomplete curing because of 
volatilisation of catalyst. 

4.5 Remove assembly from mold, and trim off any excess resin. 
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5. QUALITY ASSURANCE PROVISIONS 

5.1 TIm cured silicone rubber shall have filled or covered the required space 
and be in intimate contact with the surface for which it was intended. 

5.2 Hie encapsulated area shall present a dean, smooth, tough, rubbery, non- 
tacky surface. To the naked eye it shall be free of voids, fleshiness, and surface 
defects. 

5.2 QUALIFICATION OF MATERIALS - Prior to encapsulation, the materials to 
be used in each production lot shall be tested as follows: 

5.2.1 At least 55 grams shall be mixed per paragraph 4.2.1 and evacuated per 
paragraph 4.2.2. Ihe sample mixture shall then be poured into a mold hevfc* 
a volume of 1 cubic inch aad cured per paragraph 4.4. 

5.2.2 The 1 outdo inch volume sample (dimensions - 1/4" x 2" x S”) i 
and the density calculated. The pereat beteh of materials from which the i 
cube is m a de shall ns* be used if the density if not equal to 18.5 ±1.5 grams/in 3 . 

5.4 SHELF LIFE. * The silicone rubber compound shell have a shelf life 12 i 
from date marked on container. 


6. NOTES. 


None. 
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PROCESS SPECIFICATION 
FOR 

POTTING OF CONNECTORS USING 
SILICONE RUBBER POTTING COMPOUND 


1. SCOPE 

1-1 Scope - Thie document cover* two methods for the Potting of Connectors 

with Silicone Rubber Potting Compound. 

1- 1.1 Method A - Covers the procedure and curing of Silicone Rubber 
Compound, 24 hours at room temperature. 

j-1.2 - Method B - Covers the procedure and curing of Silicone Rubber 
Compound, 4 hours at 115° + 5°F. 

2 APPLICABLE DOCUMENTS 

2- 1 The following documents form a part of this specification to the extent 
specified herein. 


Specifications 

Federal 

BB-F-671 


FREON, T.F. 


Drawings 
NASA Drawings 
1012515 
1012514 


1012513 


Nomenclature 

Compound, Potting-Silicone Rubber 
Cytalyst 

Primer, Silicone 
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3. MATERIALS AND EQUIPMENT 

3-1 & leone Rubber Compound per 1012515 

3.2 Curing agent per 1012514 

3.3 Primer per 1012513 

3.4 FREON TF per federal specification BB-F-671 

3.5 Circulating air oven capable of maintaining temperatures to 115° + 5°F 
3.4 Balance with gram weights 

3.7 Polyethylene syringe, spring activated 

3.8 Suitable holding fixture 

3.9 Cotton swabs 

3.10 Disposable polyethylene containers with smooth inner surface 

3.11 Sjpatula 

3.12 Tweesers 

3.13 Vacuum system capable of producing a vacuum of 20 mm Hg minimum. 

4. POTTING OF CONNECTORS 

4.1 Preparation of Surfaces 

4.1.1 All exposed surfaces in general area to be potted shall be cleaned of 
grease, oil, wax, foreign material, etc, using FREON T.F., or equivalent. 
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4.1.2 All surfaces to be potted shall be completely primed by application of 
1012513 primer. Application may be accomplished by use of soft bristle brush or 
other suitable method. This primer coating shall be allowed to air dry for 

15 minuter at room ambient temperature. 

4.1.3 Place connectors in appropriate potting molds* dress wires andccsiraliss 
harness in potting area. 

4.2 MIXING OF POTTING MATERIALS 

4.2.1 Thoroughly mix the following materials at room temperature in a smooth 
sided container. 

FORMULA 

Silicone Rubber Compound per 1012515 25 + 1 gram 

Catalyst per ND 101214 1.0 + 0.1 gram 

Note #1. Pot life of this mixture is 1 to 3 hours at 
room temperature. 

Note #2. Ratio of 25 : 1 to be maintained, amount 

mixed can be varied. 

4.2.2 Evacuate the resin mixture to 20 mm Hg (0.8 inches Hg) maximum 
alternately pulling vacuum and breaking to atmospheric pressure until number 
of air bubbles reaching surface are minimised. 

4.2.3 Fill the syringe to one-half its volume with the resin mixture. 

4.2.4 Inject the resin mixture into the specified areas on the connector. Use 
caution to minimise the entrapment of air by keeping end of syringe at lowest 
level. 

4 # 3 CLEANING - Clean off any excess silicone rubber mixture with a spatula 
or equivalent. 
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APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AMD FABRICATION OF 
PARALLEL GAP RESISTANCE - WELDED ELECTRONIC 
CIRCUIT MODULES AND ASSEMBLIES 

1. PURPOSE 

1.1 This doc ament establishes the minimum requirements for process 

control and fabrication of electronic assemblies utilising parallel gap resist- 
ance-welding. R also specifiss certification and qualification requirements 
for welding personnel, welding equipment, materials, weld schedules, and 
defines quality requirements. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of applica¬ 

tion of this document form a part of this specification to the extent specified 

1 erein. 

(a) ND 1002280 Apollo Parallel Gap Visual Criteria 

(b) ND PS 1015402 Materials Specification (Kovar, Gold Plate) 

(c) ND PS 1015400 Materials Specification (Nickel Ribbon Wire) 

(d) ND 1002281 Apollo Parallel Gap Wiring Standards 

(e) -ND 1002268 Apollo Parallel Gap Welding Standard Repairs 

2.2 - Precedence. The provisions of this specification shall be applicable 
to alt phases of parallel gap welding to the extent specified herein. In the 
event of conflict between the requirements of the applicable drawings, tills 
specification and other documents cited herein, the requirements of the 
applicable drawings, this specification and other documents specified herein 
shall govern in that order. 

5. GENERAL REQUIREMENTS 

5.1 Fabrication 

5.1.1 Welded electronic circuit modules and assemblies shall be fabricated 
in accordance with the applicable drawings. 


5.2 


Materials 
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3.2.1 Materials shall be used that conform to the requirements of 
Paragraphs 2.1 b and c. 

3.3 Equipment 

■ ' ' •' 

3.3.1 The welding machine shall consist of a controllable electrical energy 
source or sources, one or more welding heads and electrodes. The equipment 
must be capable of maintaining accurately and reliably the force, and gap and 
the controlled pulses of electrical energy to the weldments. 

3.3.1.1 The poise duration, amplitude, and voltage wave form delivered to * 
the electrodes shall be repeatable within ±5% for any given setting. 

3.3.1.1.1 Waveform or pulse shape reading cited herein shall closely approxi¬ 
mate the growth and decay o i the current and/or voltage observed at the 
electrodes. The waveform or pulse shape requirement maybe satisfied by 
comparing the welder output to a standard waveform or pulse shape on a 
graticule in conjunction with an oscilloscope with a long persistence screen. 

3.3.1.2 The force at the electrodes shall be repeatable within a 0.25, * 
pounds (114. grams) for each electrode. 

3.3.1.3 Welding electrodes shall conform to the contractors' configuration 
drawii^s. 

3.3.1.3.1 Electrode Gap adjustments for a specified setting must be set 
within a .001 inch. 

3.3. 2 Pull Test Machines shall be capable of pulling at a uniform rate 
not to exceed 40 inches per minute linear velocity. The machines shall be 
accurate within 2 per cent of the full-scale-force-readings, or 0.2 pounds, 
whichever is less. 

3.3.3 Binocular Microscopes of 10 diameters power shall be used for in¬ 
spection of parallel gap welds. Binocular microscopes of 10 diameters 
minimum shall be used for production welding. 

3.3.4 A camera microscope with a minimum capability of 75 diameters 
shall be used for metallurgical examination. 

3.3.5 Electrode force gage. 

3.3. 5.1 Electrode force gages used shall be readable to 0.125 pound maxi¬ 
mum (57 grams) per division,. 
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3. S. 6 Equipment shall be available that is capable of measuring the 
electrical output at the electrodes with the accuracy detailed in Para¬ 
graph 4.2.1, Electrical measurements shall be made at the welding 
surface of the electrodes* 

3.4 Handling and Workmanship: Precautions shall be taken to avoid 
unnecessary handling of components and component leads. To prevent 
contamination* finger cots or other protective covering shall be worn by 
welding and inspection personnel. 

3.4.1 Surfaces to be welded shall be clean and free of all traces of wax, 
oil, grease, and other organic contaminants. 

3.4. 2 Bending of component leads (unless specified) must be avoided. 
Precautions shall be taken to avoid excessive handling of wires and leads 
in a manner which may result in bending or kinking. 

3.4.3 No identification or handling methods shall be utilised which may 
contaminate the leads in the sons to be welded. 

3.4.4 Components, component leads and jumper wires shall be insulated 
as specified on the drawing. 

3.4.5 Precoating of components, unless otherwise specified on the drawing 
or process sheet, shall not be done prior to assembly and welding. 

3.4.6 Welding surfaces of electrodes showing signs of pitting, pick-up 
deterioration, contamination, excessive oxidation, wear or other damage 
shall not be used. 

3.4.7 ‘Electrodes may be cleaned with the following:’* 

(a) 600 grit or finer 

(b) Methylene chloride 

(c) Trichlorethylene 

(d) Metal files shall not be used to recondition electrodes on a 
welding machine at the welding station. 

) ( 4 j There shall be no dirt or contamination in the electrode gap. 

3.4.9 No weld shall be made over an existing weld, (fig. I) but a single 
weld may be made on a lamination of materials (fig. 2) to weld the two 
uppermost weldments. 
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3.5 Certification and Qualification: Certification and qualification 

requirements specified in this document shall include requirements for 
conformance with inspection and test criteria for all welding of assemblies, 
sub-assemblies, and modules and pass the tests specified herein. Re¬ 
certification and requalification requirements, when applicable, shall 
conform to the same certification and qualification requirements. 

4. PROCESS CONTROL 

4.1 To ensure proper control of the welding process, it shall be 
mandatory that the contractor meet all requirements delineated in this 
document. In addition, it shall be the responsibility of the contractor's 
Quality organisation to audit continually all requirements of this speci¬ 
fication to assure compliance. 

4. 2 Qualification of Welding Equipment: Prior to the use of welding 
equipment for production purposes, it shall be qualified as a complete 
system (Paragraph 4. 2.4). 

4. 2.1 Accuracy of meter : All meter indicators of weld energy used for 
the welding shall have a full-scale accuracy of a 2% or better and no reading 
shall be taken below the 15% sons of the low end of the meter. 

4. 2. 2 Repeatability between machines : Machines of the same equipment 
model shall exhibit a 5% repeatability with respect to voltage pulse duration, 
voltage amplitude, and pulse shape at specified settings. 

4. 2.3 Within-Machine-Repeatability: Within-machine repeatability shall 

be a 5% for any specified setting. 

4. 2.3.1 The voltage waveform at the Weld-Head shall be measured and *adjus ted if 
necessary to attain the required pulse duration and amplitude and type of 
pulse shape at selected settings. 

4.2.3.2 The force at the blectrodes shall be accurate and repeatable as 
specified in Paragraph 3.3.1.2, 

4.2.4 Qualification of Welding Machines 
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4.2.4.1 The Quality Control organisation shall specify the ISO weld 
schedule to be used for Welding Machine qualification. The actual 
welding machine setting, such as, typical wave shape, amplitude, pulse 
duration, force and gap shall be recorded on the qualification work sheet 
prior to and after completion of fine qualification test. 

4. 2.4.2 Amplitude, pulse duration, force, gap and typical wave shape 
shall meet the requirements of paragraph 3.3.1.. 

4.2.4.3 During qualification welding, no maintenance or adjustments to 
the equipment shall be permitted. 

4.2.4.4 A minimum sample of 55 weld samples shalt be prepared at a 
specified ISO weld schedule by a qualified welding operator. The weld 
samples must meet all the visual requirements defined in paragraph 5. 

Five (5) randomly wakaeSed aanaptaSrinust meet the metallurgical re¬ 
quirements defined in Paragraph 5.2. The remaining 50 welds shall be 
pull tested and meet the statistical requirements of Paragraph 4.9. 2. 

4.2.5 Records of qualification must carry the following information: 

(a) Welding Machine make and serial number. 

(b) Class and type of electrodes used during qualification. \ 

(c) Types of materials welded. / 

(d) Quality Control Engineering approval. 

(e) Date of qualification. 

(f) Restrictions, if any. ^ v 

(g) Welding machine settings used. 

(h) Welding head serial number. 

(i) Visual weld acceptance data. 

(j ) Duration and amplitude data and type of pulse shape. 

4.2.6 The contractor's quality organisation shall establish or approve the 
criteria for qualification of welding machines. These criteria shall include 
the requirements of this specification as a minimum. 

4.3 Qualification of Welding Machine Operators 
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4.3.5 If an operator fails Qualification, or if Qualification is revoked at 
any time, the operator shall be retrained and requalified in accordance with 
the above paragraphs before being permitted to continue production welding. 

4.3.5.1 Requalification of an operator shall be required: 

(a) If the production supervisor or cognisant Quality Control 
Agency has evidence that an operator's welding is sub-standard. 

(b) ff visual inspection results in an abnormal rejection rate of weld¬ 
ments due to an operator's performance or workmanship. 

4.3.6 U the operator has not performed parallel gap welding for 30 days or 
more, she shall prepare daily for a period of not less than five (5) consecutive 
working days 15 acceptable welds out of 15 attempts manufactured to an 
approved weld schedule. In addition, she shall weld an acceptable dummy 
module consisting of 50 welds, all of which shall be acceptable per Para. 5. 

4.3.7 The contractor's Quality organisation shall establish or approve the 

criteria for qualification of welding operators. These criteria shall include 
the requirements of this specification as a minimum. The Quality organisation 
shall have the final approval authority on the eligibility of a candidate for 
welding operator work. * 

4.4 -* Qualification of Inspection Personnel — 

4.4.1 All Welding Inspectors shall successfully complete both the Operator 
Training Program and the Inspector Training Program. 

4.4.2 The inspector shall demonstrate: 

(a) A working knowledge of all inspection criteria and requirements. 

(b) The ability to identify a machine setting from a posted weld 
schedule. 

(c) The ability to use 10 x magnification for visual inspection. 

(d) Acceptable operation df the pull testing equipment. 

(e) The ability to read and understand: applicable routing speci¬ 
fications. 

4.4. 3 The inspector shall inspect, daily for a period of not less than 
five (5) consecutive working days, 15 welds to demonstrate proficiency in 
identifying both acceptable and non-acceptable operator performance in 
accordance with weld defect criteria. 
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4. 7.4.3 H t M Test Comparison of Means: The mean break strength at each 
of the box points shall be compared with that at the selected schedule by: 
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4. t. 4.4 vt F" Test Comparison of Variances: The standard deviation at each 
of the box points shall be compared with that at the selected schedule by: 
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4. 7.4.5 ISO Strength studies which fail to meet the statistical requirements of 
Paragraph 4. 7.4.1, 4. 7.4.2, 4. 7.4. 3, or 4.7.4.4 may be accepted as an ex* 
ceptionat or unique condition only after the ISO strength data has been computed, 
analysed, and an assignable cause has been-derived. It shall be the Quality Control 
functions responsibility for establishing variation limits from the allowable statis¬ 
tical requirements, and assuring the acceptable weld quantity of the ISO strength 
study and the weld quality of future products which will utilise this weld schedule. 


Documented evidence! such as, metallurigical analysis, material strength and 
variation studies, and statistical test data, must form part of the ISO strength 
study data package to substantiate the iayokement of this paragraph. 


4.7.4.6 Exceptibnfet nr unique conditions: At times, welding is performed under 
exceptional of unique conditions. This may result in the establishment of criteria 
other than those described herein for standard conditions. 

4.8 Methods of Performing Break.Strength Test 

4.8.1 180° Peel Test. The 180° Peel Test is illustrated in Figure #3A. The 

load is applied along the axis of the two members, such that a failure will occur 
by peeling of the weld. The mode of failure will be a tensile fracture through the 
weld, or a fracture of the lead adjacent to the weld. 


4.8. 2 Tensile Shear Test. The Tensile Shear is illustrated in Figure #3B. The 
load is applied axially along both members. The .failure mode will depend on the . 
rigidity of the member. v 


4.9 Weld Process Control 
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4.9.1 Maintenance. Maintenance of welding equipment used in production ahall 
be performed by qualified seUup personnel prior to production welding and shall 
include checks fori 

(a) Electrode force and gap setting. 

(b) Electrode alignment, positioning and dress. 

(c) Voltage and pulse duration. 

4.9. 2 To verify the continued effectiveness of weld schedule information and 
welding machine and personnel capabilities, statistical process control techniques 
shall be developed and implemented for use with production welding activity. X 
and R techniques shall be used. Statistical control data may be derived from the 
samples as prepared in the following paragraphs. Control limits shall be based 
on data developed during verification of the selected schedule. 

4.9. 2.1 At least once per shift, prior to production welding, a minimum of 
9 wetd4est specimens shall be prepared for each active weld schedule setting. 



&h, 

t 


Figure 3B 
Tensile Shear Test 
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4.9. 2.2 Wald specimen* shall be visually inspected per Para. 5.1 and 
pull tested to destruction in accordance with Paragraph 4.8. 

4.9. 2.3 The average pull strength and pull strength range for each sample 
group shall be utilised for statistical process control purposes. 

4.9. 2.4 If the sample data, the production operator, or the inspector indi¬ 
cates that the process is out of control, any weldments made since the 
previous satisfactory sampling shall be considered unsatisfactory until 
accepted by complete visual reinspection. 

4.9. 2.5 The Quality organisation shall investigate out of control conditions, 
determine their origin, and initiate the corrective action required. 

4.9.3 Calibration of Equipment 

4.9.3.1 Welding Machines. Electrical and mechanical accuracy of the 
equipment shall be recalibrated at least every 60 days by checking all items 
under Paragraph 4.2.4. 

4.9.3.2 Pull Test machines shall be checked for accuracy at intervals not 
to exceed 60 days. 


4.9.3.3 Binocular microscope and electrode force gages shall be calibrated 
at least every 60 days. 

4.9. 3.4 All e qui pment that must be calibrated shall have attached to it a 
label or tag indicating the date for next calibration. 

4.9.3.5 Equipment with calibration past due shall not be used until it 
has been recalibrated. . , 

4.9.4 A Weld Machine History Record shall be maintained, including a 
record of all major changes made on each weld machine. Such items as 
tube and transistor replacements, cable replacements, major overhauls, 
etc.. shall be recorded. All entries shall be clearly dated and initialed. 

5. QUALITY ASSURANCE REQUIREMENTS 

5.1 Visual Inspection • All production welds shall be inspected visually 
at 10 x magnification at a work station other than the welding position for 
the following items: £Paragraph 2.1(a) 1 


5.1.1 Presence of absence of a weld. U doubt exists as to the presence 
or absence of a weld, the weld is to be rejected. Under no conditions is a 
weld to be stressed by any means. 
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5.1. 2 Presence or absence of gross defects. Presence of the following 
gross defects shall be cause for rejection by the inspector: [ Paragraph 2.1 (a).] 

(a) Any crack in or fracture of either parent member. 

(b) A hole of any sise which has been burned through one or both 
of the parent members. 

(c) Any removal of material in the smaller member which reduces 
the cross sectional area of the member by 20 per cent or more. 

(d) Any hole, the internal extent of which is not visually determinable. 

(•) Insufficient weld is evident where the leads are insecurely bonded. 

5. 2 Metallurgical Inspection. Samples from the selected schedule and the 
four Box-Points shall be examined metallographically at 75 x (or greater) 
magnification for evidence of satisfactory metallurgical bond. * Specimen* 
examined shall conform to the following criteria. 

5. 2.1 When viewed metallographically, at least 90 per cent of the line of 
demarcation between the two members shall exhibit a c ictory metal¬ 
lurgical bond. Two sections shall be examined at 75 x min. as needed to 
verify the existence of a satisfactory metallurgical bond. One section shall 
be longitudinal to the weld, the other shall be transverse to the weld. 

5. 2. 2 Any evidence of porosity, cracks, voids or areas of visible separa¬ 
tion located along the interface shall constitute a region of unsatisfactory 
bond. The total linear dimension of all such regions located at the interface 
shall under no circumstances exceed 10 per cent of the total length of the 
line of demarcation between the parent members. 

^•1.5 Providing that the strength of the bond meets all test requirements 
and that at least 90% of the bonding interface exhibits a satisfactory bond, 
the weld shall be deemed satisfactory unless: 

(a) Porosity, voids or cracks *ro observed at locations other than 
the weld interface with majpr dimension exceeding 10 per cent 
of the thickness of the member in which they are located. 

(b) fn alloy systems where low smelting or brittle phases are possible, 
metallographic examination reveals such phases to be present and 
so distributed as to be likely to impair the weld performance. 


16 





APOLLO GIN Specification 
MD 1002256 

* •. • 

(c) A continuous network of coat or dendritic atrncture is preeent' 
end to distributed as to be Ukely to impair the performance 
of the weld under cyclically imposed dynamic loads. 
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3.3 Configuration, itoe configuration of the matrix assembly shall 
be in accordance with applicable assembly drawing. 

3.4 Electrical. The matrix assembly shall meet the following 
electrical requirements. 

3.4.1 Continuity. The Matrix assembly shall exhibit less than a 4 ohm 
resistance (.5 ohm attributable to the signal layer under test and balance 
of 3.5 ohms to test fixturlng) for any continuous circuit path under test 
as defined by appropriate wiring diagram references when tested per par. 

4.1.2.1. 

3.4.2 Insulation Resistance. The matrix assembly shall evidence no 
dielectric breakdown between isolated circuit paths, as defined by the 
appropriate wiring diagram references, when subjected to 100 volts D.C. 
minimum and tested per paragraph 4.1.2.2. 

3.5 Temperature Resistance. The matrix assembly when subjected to a 
temperature of 125°C + 2°C for two hours minimum shall meet the electrical 
requirements of paragraph 3.4. 

3.6 Process Requirements 

3.6.1 Mold Preparation. Molds used shall be clean and free of grease, 
oil, dirt, or other contamination. Mold shall be coated with mold release 
agent which in no way shall have a deleterious effect on the matrix assembly 
before, during, or after curing, and which shall allow releasing of the cured 
assembly from the mold without damage. 

3.6.2 Assembly of Signal Layers. 

3.6.2.1 Signal layers shall be either Type I - punched or T^pe II - etched 
per ND 1002262. Only one type shall be used in each matrix. 

3.6.2.2 Using suitable fixture with locating pins, central locating groove, 
and serrated grooves for positioning of matrix leads, lay a strip of double 
coated insulation tape 1006806-18 in the center groove. Remove top paper 
liner to expose tape adhesive. Alignment of various layers of tape shall 

be in accordance with the applicable drawing. 

3.6.2.3 Position signal layer on fixture with pins passing through locating 
holes of signal layer. 

3.6.2.4 Position tape 1006806-17 over signal layer, locating it centrally 
in the groove, with adhesive side up. 
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PROCESS FOR CONTROL AND 
FABRICATION OF MATRIX ASSEMBLIES 

1. SCOPE 

1.1 This document establishes the requirements tor process control 

and fabrication of matrix assemblies (Dwgs 2003030 and 2007100) to be used 
In Apollo Guidance Computer. 

1.2 The matrix assemblies consist of "signal layers" of nickel, 

machine stamped from nickel strip to the required network configuration, 
which are positioned as layers in a plastic case or envelope and Insulated 
from each other with mylar tape. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the 
extent specified herein. 

ERAWH9GS 

KASA - 

2003030 
2007100 
2004048 
2004049 
2004050 
1006806 

SPECIFICATIONS 

Federal - 

BB-F-671 

3. REQUIREMENTS 

3*1 Uhless otherwise specified, a preproduction sample shall meet 

all the requirements of this specification. 

3.2 Materials of construction. Materials shall be used that will 
produce reliable matrix assemblies and shall be In accordance with 
Dwgs 2003030 or 2007100 as applicable. 


Matrix Assembly, Logic Module 
Matrix Assembly, CDU Logic Module 
Shim, Matrix Assembly 
Cover, Matrix Assembly 
Ehvelope. Matrix Assembly 
Insulation Tape, Electrical 
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3.3 Configuration. The configuration of the Matrix assembly shall 
be in accordance with Dug. 2003030 or Dug. 2007100 as applicable. 

3.4 Electrical. The matrix assembly shall meet the following elec¬ 
trical requirements. 

3.4.1 Continuity. The matrix assembly shall exhibit less than a 4 ohms 
resistance for any continuous circuit path under test, as defined by the 
appropriate wiring diagram references of 2003030 and 2007100. 

3.4.2 Insulation Resistance. The matrix assembly shall evidence no 
dielectric breakdown between Isolated circuit paths, as defined by the 
appropriate wiring diagram references of 2003030 and 2007100, when subjected 
to 500 volts D.C. and tested per paragraph 4.1.2.2. 

3.5 Temperature Resistance. The matrix assembly when subjected to a 
temperature of 125°C + 2°C for two hours minimum shall meet the electrical 
requirements of paragraph 3.4. 

3.6 Process Requirements 

3.6.1 Hold Preparation. Holds used shall be clean and free of grease, oil, 
dirt, or other contamination. Mold shall be coated with mold release agent 
which in no way shall have a deleterious effect on the matrix assembly 
before, during, or after curing, and which shall allow releasing of the cured 
assembly from the mold without damage. 

3.6.2 Assembly of Signal Layers. 

3.6.2.1 Using suitable fixture with locating pins, central locating groove, 
and serrated grooves for positioning of matrix leads, lay a strip of double 
coated insulation tape IOO6806-18 in the center groove. Remove top paper 
liner to expose tape adhesive* 

3.6.2.2 Position signal layer on fixture with pins passing through locating 
holes of signal layer. 

3.6.2.3 Position tape 1006806-17 over signal layer, locating it centrally 
in the groove, with adhesive side up. 
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3.6.2.4 Repeat steps 3.6, 2.2 and 3.6.2.3 for the required number of 
layers, using double coated tape 1006806-18 as final top layer. After 
final layer, press assembly firmly to achieve adhesion. 

3.6.2.5 Using suitable bending fixture, bend signal layers to required 
configuration for Insertion of assembly into plastic envelope. 

3.6.3 Formation of Plastic Bivelope. 

3.6.3.1 Goat with fluorocarbon base mold release a mold suitable for 
forming plastic envelope to required shape and dimensions. 

3.6.3.2 Place preimpregnated glass cloth per dvg 2004050 In coated mold. 

3.6.3.3 Form the envelope to a permanent set by heating at l80°F ♦ 5°F 
for 15 to 20 minute8 and cooling to room temperature. Remove envelope from 
mold. 

3.6.4 Final Assembly of Matrix 

3.6.4.1 Coat groove section of a suitable mold with fluorocarbon base 
mold release, masking off area on either side of groove to prevent coating 
of mold release on those areas vhich mill come In contact with the signal 
wire leads. After mold release dries, remove the masking. 

3.6.4.2 Place plastic envelope formed In par 3*6.3 in 3*6.4.1 mold. 

3.6.4.3 Place required number of shims per dvg 2004048 In bottom of 
plastic envelope. 

3.6.4.4 Remove paper liner from underside of signal layer assembly 
(see 3.6.2) and position in plastic envelope over shims. 

3.6.4.5 Remove paper liner from top side of 3.6.4.4 assembly, and place 
a strip of mylar film over it to act as a mold release. 

3.6.4.6 Position glass cloth preImpregnated cover, dvg 2004049, over 
mylar film. 

3.6.4*7 Close mold, exerting slight contact pressure on the assembly. 

3.6.4.8 Cure assembly at 300°F + 5°F for 1 hour minimum. 

3.6.4.9 Allov to cool to room temperature and remove assembly from mold. 

3.6.4.10 Clean signal vires vlth Freon T.F. 

NOTE: This is only a precautionary step prior to welding because 
there should be no mold release on the signal vires if masking in 
3*6.4.1 is carried out properly. 
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4. . QUALITY ASSURANCE PROVISIONS 

4.1 Examination 

4.1.1 Visual examination of matrix assemblies shall be conducted on 100£ 
of production as follows. 

4.1.1.1 Dimensions shall be as specified in dwg 2003030 or 2007100 as 
applicable. 

4.1.1.2 Workmanship. Visually examine matrix assembly for damage such 
as nicks, cuts, or gouges which would expose the nickel conductors within 
the plastic envelope and cover, and for damage such as broken or severely 
bent nickel conductors that are outside the plastic envelope. Any such 
damage shall be cause for rejection. 

4.1.2 Examination Testing. Examination testing shall be conducted on 

100 per cent of production as follows for continuity and insulation resistance 
and on the preproduction sample plus every 250th production matrix for 
temperature resistance. 

4.1.2.1 Continuity. The continuity of each signal layer shall be measured 
and verified by means of appropriate circuit analysis and meet the requirements 
as specified in paragraph 3-4.1. 

4.1.2.2 Insulation Resistance. With a voltage of 500 volts applied between 
conductors and outside bottom of the plastic envelope, the matrix assembly shall 
meet the requirements of paragraph 3.4.2. Resistance measurements of less 

than 30 megohms shall be cause for rejection. 

4.1.2.3 Temperature Resistance. Beat matrix assembly to a temperature of 
125°C + 2°C, and after holding at temperature for 2 hours minimum , the matrix 
assembly shall meet the requirements of paragraph 3*4. After cooling to room 
temperature, the assembly shall meet the dimensional requirements of Dwg. 2003030 
or 2007100 as applicable. 

5. NOTES 

5.1 Intended use. The matrix assemblies are Intended for use in Nodule 

Assemblies in the Apollo Guidance Computer. 
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3.3.2.6 Helium Leak Test (Test #5} 

The helium leak test shall be performed in accordance with 
ND 1002246 using a leak rate of 1 x 10 -6 cc/ATH/SEC as the upper 
limit in accordance with MIL/STD/202, method 112, test condition C. 

3.3.2.7 Glycerine Bubble Test (Test #6) 

The oil bubble test for gross leaks shall be performed 
in accordance with MII^202C method 112, test condition A except 
that glycerine shall be used. 

1.3.2.8 High Te mperature Bake Test (Test #71 

The high temperature bake test shall be performed in accordance 
with Specification Control Drawing 1006769 for 250 hours at 150 degree* 
centigrade minimum. 

3.3.2.9 Centrifuge Y, Test (Test #8) 

The centrifuge Yj test shall be performed with an accelerator 
of 20,000 0 in accordance with MIL/STD/750 Method 2006. Plane Y, ? 
is defined as a force attempting to push the internal lead wires 
toward the i.top of the device. 

3.3.2.10 Operation Life Test (Test #10) 

The operation life test shall be performed in accordance 
with MIL-STD-750, method 1026 and Specification Control Drawing 
1006769 except that the time shall be 150 ± 5 hours. 

3.3.2.1 1 Vibration Test (Test #111 

TOie vibration test shall be performed on a random sample 
of 5 units. The vibration test shall be performed in accordance 
with MIL-STD-750, method 2056, 30 O'a from 5 to 2000 CPS limited 
to 0.12 inch double amplitude, 3 cycles, 15 minutes per cycle 
minimum. 

1.3.2.12_ Shock Test (Test #12) 

The shock test shall be performed on the same units 
tested in 3.3.2.11. The shock test shall be performed in accord¬ 
ance with MIL-STD-750, method 2016, 1500 0's, 0.5 m. sec, 5 blows 
in all axis directions, 30 blows total. 

3.3.2.13 Contin uity Test (Test #131 

The continuity test shall be performed on the five sample 
units from test #12 only. The test shall be performed to detect 
open bonds and shorts between leads# leads and case and leads and 
chip. Upon completion# the units will be sent to Internal Visual, 

Test #15. 



















If the number of unit failures allowable is calculated to be a 
■ixed number, a coaibination of an integer and a fraction# use 

the integer only. tart.f it 

I Test NuMber (See Paragraph 


MaxiMun Percent of Failures 


u»*iwum Allowable Rejec 



1 defective unit. Physical -* 
Dimensions ) I 

1 defective unit. Lead fa- ^ 
tigue and tension 

Helium Leak 2.0 

Qlycerine Bubble 2.0 H 

I Internal Visual 1 unit 


4.3 Rejection Criteria 

4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as speci¬ 
fied in 4.2.2 such that the failures can be identified with the group¬ 
ings specified in 4.2.3. The maximum allowable percentages of failures 
from test number 3,9, and 14 of paragraph 3.3.1 according to the failure 
mode groupings of 4.2.3 are given in Table I. The maximum allowable per¬ 
centages of failures from test numbers 2,5,6, and 15 of paragraph 3.3.1 
are given in Table II where the failure definitions are given in 6.2. 
Failure to meet any one of the maximum allowable percentages of Tables I 
and II or failure to comply with the test sequence of 3.3.1, the test 
procedure 3.3.2, the flight qualification requirements of 4.4, or the 
data requirements of 4.5 shall be cause for lot rejection. 

4.3.1.1 Conformance to HD 1015404 


Disclosure of any violation of previously agreed to con¬ 
tractor-supplier HD 1015404 -Critical Process* list without prior 
notification automatically fails the entire lot. Hotice of such 
deviation must be made by the contractor to HIT/IL within 24 hours 
of disclosure. « 


If the reason for shipment lot rejection can be assigned to 
failure modes which are traceable to a diffusion sublot, the entire 
diffusion sub-lot(s) shall be removed from the shipment lot and the 
provisions of paragraph 4.3.1 shall be reapplied to the remainder of 
the shipment lot. For example, failure modes which are traceable to 
diffusion sub-lot(s) ere described in paragraph 4.2.2 sub-paragraphs al, 
j£3, h fc4, b8, b9,..g2, and c4. 

4.4 Flight Qualification 

4.4.1 Fligh t Qualified Hardwagft ; 

An integrated sense amplifier is flight qualified When 
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PROCESS SPECIFICATION FOR SPECIAL CONDITIONING OF 


INTEGRATED SENSE AMPLIFIERS 


L.l Purr 


This specification establishes the minimum requirements 
for the acceptance of integrated sense amplifiers for use in 
flyable deliverable end items* Ate procedure described herein 
shall be performed by the G 6 N Industrial Contractor as part of 
incoming inspection* screen and burn-in• 

XIApplicable documents 


2.1 Effective Issues 

The following documents of the issue in effect on the 
date of this document form a part of this specification to the 
extent specified herein* 

Specification 

MIL-STD-750 - TEST METHODS FOR SEMI-CONDUCTOR DEVICES. 

MIL-STD-202 • TEST METHODS FOR ELECTRONIC AND ELECTRICAL 
COMPONENT PARTS. 

Apollo G&N 


ND 1002017 - DESCRIPTION AND TEST REQUIREMENTS FOR SENSE AMPLIFIER 
ND 1002257 - INTERNAL VISUAL REJECTION CRITERIA FOR INTEGRATED 
CIRCUITS. 


Apollo G&N* SPECIFICATION CONTROL DRAWING FOR INTEGRATED 
SCD 1006769 SENSE AMPLIFIERS. 


MIT/IL B-1679 - PROGRESS REPORT ON ATTAINABLE RELIABILITY* OF 
INTEGRATED CIRCUITS FOR SYSTEM APPLICATION. 

LI I Requirements 


3.1 General 

The provisions of this specification shall be applicable 
to all phases of acceptance of integrated sense amplifiers to the 
extent specified herein. Specific requirements or provisions not 
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covered by this specification shall be as specified on the applicable 
drawing or purchase order* In the event of conflict between the re* 
quirestents of the applicable drawing# this specification and other 
documents cited herein# the requirements of the applicable drawing 
and this specification shall govern in that order* 

3.2 Process Control . 

The process covered by this specification shall be con¬ 
trolled in accordance with the process control provision of 4*2* 

3ju 2?1„ Iif9.fr <? on *r9l 

Bach lot as supplied by the vendor in compliance with 
1006769 shall be identified and maintained by the contractor 
throughout the test sequence# 3*3*1* 

3.2.2 Serialization 

All units of a lot shall be identified by the lot number 
and the unit serial number* > 

3.3 Test Procedure 

3.3.1 Test Sequence 

a* External visual inspection (Test #1) 

b* Physical dimension# lead tension and fatigue 
inspection (Test #2) 

c. Electrical test (Test #3) * ;‘ 

d. Thermal Cycle test (Test #4) 
e* Helium leak test (Test #5) 

f* Glycerine bubble test (Test #6) ? 

g. High temperature bake test (Test #7) 

h. Centrifuge test (Test #8) 

i. Electrical test (Test #9) 

j* Operation life test (Test #10) 
k. Vibration test (Test #11) 

1* Shock test (Test #12) 
m* Continuity test (Test #13) 
n. Electrical test (Test #14) 
o* Internal visual (Test #15) 

3.3.1.1 Removal of Failures 

Catastrophic failures only shall be removed from the test 
sequence at the point of detection and subjected to failure analysis* 
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The point in the test sequence 3.3.1 Where the failure was detected 
Bust be recorded and a set of electrical readings as specified in 
Paragraph 3.3.2.3 shall be performed. All electrical failures at 
the end of test sequence 3.3.1 shall be subjected to failure analysis 
except the incoming marginal failures as defined in (6.2.3 (a).) 
may be returned to the vendor. 

3.3.2 Tests 


3.3.2.1 External Visual Inspection (Test 



Three samples from each lot of integrated sense amplifiers 
shall be subjected to the physical dimension examination of MIL-STD-7 
method 2066 and the requirements of Specification Control Drawing 
1006769. The three units subjected to the lead tension and lead 
fatigue tests are to be forwarded to Test #15 of sequence 3.3.1. 


3.3.2.3 Electrical Test (Test 


The entire lot shall be subjected to electrical test as 
described in Specification Control Drawing 1006769 and HD 1002017 
with the limits specified. Acceptance parameters are gain measure** 
ments* resolution* voltage ratio* differential offset* leakage 
measurements* gate operation* response time parameters* propa¬ 
gation delay and fall time and turn-off time. 

3.3.2.4 Electrical Test (Tests #9 and #141 

The electrical test shall be the same as performed in 
3.2.2.3 except that the maximum limits as defined in Specification 
Control Drawing 1006769 and ND 1002017 shall be raised 1% and the 
minimum limit decreased 1 %. ^ 

cle Test (Test #4) 


Thermal 


■53 


Three complete cycles shall be performed on the lot under 


the following conditions 

• ■••4 


STEP 

TEMPERATURE *C 

TIME 

1 

150 * 5° C 

30 minutes 

2 

25 i S’ C 

*H.M.T. 10 seconds 

3 

-65 ± 5* C 

30 minutes 

4 

25 t 5* C 

*N.M.T. 10 seconds 


* Sot ion 

than-Transfer Time 
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3.3.2.6 Helium Leak Test (Teat #5^ 

Ttie helium leak teat shall be performed in accordance with 
ND 1002246 using a leak rate of 1 x 10~ 6 cc/ATH/SEC as the upper 
limit in accordance with MIb/STD/202, method 112, test condition C. 

3.3.2.7 Glycerine Bubble Teat (Test #6) 


The operation life test shall be performed in accordance 
with MIL-STD-750, method 1026 and Specification Control Drawing 
1006769 except that the time shall be 150 ± 5 hours. 

3.3.2.11 Vibration Test (Test #11) 

The vibration test shall be performed on a random sample 
of 5 units. The vibration test shall be performed in accordance 
with MIL-STD-750, method 2056, 30 O's from 5 to 2000 CPS limited 
to 0.12 inch double amplitude, 3 cycles, 15 minutes per cycle 
minimum. 

1.3.2.12 Shock Teat (Test #121 


The shock test shall be performed on the same units 
tested in 3.3.2.11. The shock test shall be performed in accord¬ 
ance with MIL-STI>-750, method 2016, 1500 O's. 0.5 m. sec, 5 blows 
in all axis directions, 30 blows total. 

3.3.2.13 Continuity Test (Teat #13) 


TTie continuity test shall be performed on the five sample 
units from test #12 only. The test shall be performed to detect 
open bonds and shorts between leads, leads and case and leads and 
chip, upon completion, the units will be sent to Internal Visual, 
Test #15. 
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3.3.2.14 Internal Visual Inspection (Test #15). 

Hie internal visual inspection shall be performed on the 3 
units sent from paragraph 3.3.2.2 (Test #2). In accordance with 
MO 1002257 and the five units from paragraph 3.2.2.13 (Test #13). 

IV Quality Assurance Provisions 

4.1 General 

In order to assure proper control of the acceptance process 
covered by this specification« the contractor shall meet all the 
requirements specified herein and shall provide continuous audit 
of the acceptance process to assure compliance with the requirements 
of this specification. 

4.1.1 Inspection 

The contractor# through his quality assurance or control 
agency shall be responsible for the performance of all inspection 
requirements and tests specified herein. 

4.2 Failure Criteria 

4.2.1 Failure Analysis 

All integrated sense amplifiers failing in the electrical 
tests specified in 3.3.2 (Test #3, 9# 14) except the non-catastrophic 
failures as defined in 6.2.3 (a»b#c# and e)# shall be subjected to 
a failure analysis sufficient to identify cause and mode of failure. 
For failure definitions refer to Section 6.2. 

4.2.2 Failure Modes 

After failure analysis all failures detected at test 3, 

9# and 14 of test sequence 3.3.1, except induced failures and non- 
catastrophic failures as defined in 6.2.3 (a»b#c# and e)# shall be 
classified as to the following failure modes Which are described in 
MIT/lb report B-1679. 

a. Class A failure modes (class A failure modes are 

generally of a type readily weeded out during screen 
and burn- in) • ^ 

1. Open bonds due to poor metalization 
adhesion to the silicon dioxide. 

2. Open bonds due to underbonding. 

3. Open bonds due to gold-aluminum eutectic 
formation. 

4. Open bonds due to overbonding, 
s. Op... du. to nick. Mid cut. in the bonding wire. 
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6. Leads aborting to the edge of the chip or 
leads shorting to the package lid. 

7. Open interconnects detected only during 
test 3.3.2.3 due to only scratches with 
no evidence of metalisation corrosion at 
the open. 

0. Shorts due to metalisation scratching and 
smearing. 

9. Shorts induced by the collector to ^ 

sustaining voltage test of paragraph 3.3.2.3. 

10. Pailures due to cracked chip* 

11* Opens due to the thinning of lead wire due to 
poor bonding procedure. 

12. Non-catastrophic failures due ®5 r f ac ? * , 
instabilities that are not included in 6.2.3 
(a,b,c and e)• 

das. B failur. modes (class B failure modes are of 
a type less readily detected during screen and burn- 
in as compared with class A). 

1. Shorts resulting from leads touching any 
other leads and shorts resulting from leads 
touching metal interconnects. 

2. Opens in the interconnect due to the gold- 
aluminum eutectic formation at the neck of 
an interconnect. 

3. shorts through the silicon dioxide due to 
poor oxide dielectric strength. 

4. Shorts through the oxide because the bonds 
are too close to the chip edge. 

5. Shorts, intermittent or otherwise, due to 
particles in the package. 

6. Shorts, intermittent or otherwise, due to 
free lead material and fixed extra leads 
or lead material. 

7. Catastrophic failures due to surface 
instabilities. 

8. Opens in interconnect at oxide steps 
detected during test 3.3.2.3. 

Class C failure modes (class C failure modes are 
of a type Which are time dependent and/or are not 
easily detected during screen and burn-in). 

1. Opens in the Interconnect due to corrosion. 
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2* Opens in the interconnect detected after 
test 3.3.2.3 at oxide steps. 

3* Opens in the interconnect detected after 
test 3.3.2.3 at scratches. 

4. Any failures due to electrically insulating 
or electrically high resistance layers form¬ 
ing at the silicon oxide window between the 
metal contact and the silicon or between the 
layers of metal. 

5. Die separated from package header. 

4.2.3 Failure Node Groupin 


‘ 4.2.3.1 Classification 


Following the classification of failure modes from a 
lot the electrical failures will be divided into Group Z - XV 
below and the percentage failure for the lot in each group shall 
be determined. Group O contains special cases of non-catastrophic 
failures* 

a. Group 0. Test #3 

Mon-catastrophic failures as defined in 6.2.3 (a) 

b. Group 0. Test #9 #11 
Mon-catastrophic failures as defined in 6.2.3 
(b, and c) • 

c. Group I. Class A failure modes . 

d. Group II. Class B failure modes . 

e. Group III. Class C failure modes. 


Any failure, except induced failures, 
not listed in Section 4.3.2 or any 
failure for an unknown cause. 


Test Number 

*Maximum Percent of Failures 



ee Para. 3.3.1 


Grou 


Group II1 

I Group III 1 

1 Grou 

p 

IV 



9. 11* and 14 
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If the number of unit failures allowable is calculated to be a 
nixed number, a coiribination of an integer and a fraction, use 


the integer only* 


Test Number (See Paragraph 3.3.1) 

Maximum Percent of Failures 
or Maximum Allowable Rejects 

2 

1 defective unit. Physical * 
Dimensions ■.! 

2 

1 defective unit. Lead fa- ^ 
tigue and tension 

5 

Helium Leak 2.0 % 

6 

Glycerine Bubble 2.0 < 

15 

Internal Visual 1 unit 


4.3 Rejection Criteria 


4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as spec!-, 
fied in 4.2.2 such that the failures can be identified with the group¬ 
ings specified in 4.2.3. The maximum allowable percentages of failures 
from test number 3.9, and 14 of paragraph 3.3.1 according to the failure 
node groupings of 4.2.3 are given in Table 1. The naximun allowable per¬ 
centages of failures fron test numbers 2,5,6, and 15 of paragraph 3.3.1 
are given in Table II where the failure definitions are given in 6.2. 
Failure to meet any one of the maximum allowable percentages of Tables I 
and II or failure to comply with the test sequence of 3.3.1, the test 
procedure 3.3.2, the flight qualification requirements of 4.4, or the 
data requirements of 4.5 shall be cause for lot rejection. 

4.3.1.1 Conformance to ND 1015404 

Disclosure of any violation of previously agreed to con¬ 
tractor-supplier ND 1015404 "Critical Process" list without prior 
notification automatically fails the entire lot. Notice of such 
deviation must be made by the contractor to MIT/IL within 24 hours 
of disclosure. «, 

4.3.2 Su b-lot removal 

If the reason for shipment lot rejection can be assigned to 
failure modes which are traceable to a diffusion sublot, the entire 
diffusion sub-lot(s) shall be removed from the shipment lot and the 
provisions of paragraph 4.3.1 shall be reapplied to the remainder of 
the shipment lot. For example, failure modes which are traceable to 
diffusion sub-lot(s) ere described in paragraph 4.2.2 sub-paragraphs al. 


! 


b4, b8, c2, and c4. 

4.4 Flight Qualification 

4.4.1 Flight Qualified Hardware 

Mi integrated sens, amplifier i. flight qualified When 
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the lot, of Which the integrated sense amplifier is part, is not 
rejected according to 4.3 and the sense amplifier does not fail 
any test of the test sequence of paragraph 3.3.1. 

4.4.1.1 failure Traceability 

Any integrated sense amplifier failure detected in quali¬ 
fied flight hardware must be traceable to a lot as identified in 
paragraph 3.2.1 and to the unit serial nuafcer. 

4.4.2 Qualification Report 

Two copies of a report justifying the acceptance or 
rejection of a lot as flight qualified shall be forwarded to HIV/lh 
prior to use in deliverable end iteaw. The report shall include the 
following! 

a. A summary of screen and burn-in data. 

b. A detailed list of the screen and bum-in results 
which includes the number of failures at each test 

' station of test sequence 3.3.1. 

c. A failure report of all electrical failures, by 
unit serial number including induced failures, as 
specified in 4.3.1 Which includesi 

1. Photographs of each photographable failure mode. 

2. Analysis of each failure. 

3. Classification of each failure according to 
4.3.2. 

4. All electrical test data of each failure. 

d. Number of failures in the failure mode groups 
according to 4.2.3. 

e. Date of purchase. 

f. Total number Of ordered parts. 

g. Date code of parts received. 

h. Lot identification number. * 

i. Allocation of all parts from the lot updated to 

the date of issue of qualification report indicating , 
the number of units which passed screen and bum-in, 
the number of failed units, the number of induced 
failures and the number of units removed from the 
lot for any other reason. 

j. a report by lot of all internal visual inspection 
failures (Test #15) (in test sequence 3.3.1) by 
unit serial number trtiich includes! 

1. Photograph of each failure mode. • 1An „.- 

2. Classification of each failure according to ND 1002257 
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k* Copies of all contractor approved changes and notification 
of proprietary supplier changes per HD 1015404* 

4.5 Data 

4.5 Data Storage 

Incoming inspection# screen and burn-in data shall be 
maintained and stored by lot number and unit serial number for three 

years. 

4.5.1 Cataloging 

Integrated sense amplifiers failing the tests specified here¬ 
in with the exception of the external visual inspection and leak testa 
shall be cataloged and stored by lot number and serial number for 
three years. Hie devices must be readily accessible for future 
reference. 

4.5.2. Lot Storage 

Units submitted to the contractor as part of the Quality 
Demonstration Test shall be stored by contractor's lot number for 
three years, flie devices must be readily accessible for future 
reference. 

V Preparation for Delivery 

Ibis section is not applicable to this specification, 

yi. - Notes 

6.1 Intended Use 

This process conditions nor gates used in Apollo Outdance 
and Navigation Equipment. 

6.2 Definitions 

6.2.1 Lot 

A shipment lot is defined as a group of integrated sense 
amplifier submitted by a vendor in compliance with 1006769. 

6.2.2 Catastrophic Failures 


A catastrophic failure is defined as any device %rtiich 
fails the electrical tests of Specification Control Drawing 1006769 
and ND 1002017 by twice the maximum or one half the minima limits 
of that table. 

6.2.3 Non-Catastrophic Failures, 

A non-catastrophic failure is any device Which cannot be 
classed as a catastrophic failure by definition 6.2.2 but * 
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which fails according to the definitions described belowt 

a* A non-catastrophic failure at test 3.3.2.3 exceeds 
the limits of Specification Control Drawing 1006769 
and ND 1002017 and does not become a catastrophic 
failure during test sequence 3.3.1* 

b. A non-catastrophic failure at test 3.3.2.4 exceeds 
the limits described in 3.3.2.4 but does not change 
parametric readings obtained in 3.3.2.3 by 1 15*. 

c. A non-catastrophic failure at test 3.3.2.4 does not 
exceed the limits described in 3.3.2.4 but changes 
parametric readings obtained in test 3.3.2.3 by 
more than ±15%. 

d. A non-catastrophic failure at test 3.3.2.4 can ex¬ 
ceed the limits described in 3.3.2.4 and changes 
parametric readings obtained in test 3.3.2.3 by 
more than ±15%* 


6.2.4 Induced Failures 

An induced failure is a catastrophic failure Which through 
failure analysis can be proven to be caused by exceeding the stress 
limits of Specification Control Drawing 1006769 • 

6.2.5 Leak Test Failures 

A failure at test 5 or 6 of paragraph 3.3.1 is failure to 
meet the leak rate therein. A failure at test 6 of paragraph 3.3.1 
is the failure to .Met the criteria as specified in ND 1002246. 

6.2.6 External Visual Inspection Failures 


A failure at test 1 of paragraph 3.3.1 is failure to 
meet the visual and mechanical examination criteria of Specification 
Control Drawing 1006769 and additional requirements negotiated with 
the applicable vendor. 

6.2.7 Physical Dimension Failures 

A physical dimension failure of test 2 of paragraph 3.3.1 
is a package which does not meet the physical dimension criteria of 
Specification Control Drawing 1006769. 

6.2.8 Lead Tension. Lead Fatigue Failures 

the lead tension* lead fatigue failures of test 2 of 
paragraph 3.3.1 is a partial or complete severing of a lead from 
the package• 

6.2.9 Failures 

Failure of a unit in one or more tests will be charged 
as a single failure. A unit which could be classed by several 



A failure at taat #13 of paragraph 3.3.1 la a failure 
to Met the criteria of MO 1002257* 

6.2.11 Continuing Failure 

A failure of the continuity teat ia the detection of an 
open or a abort* 
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PROCESS SPECIFICATION 
SPECIAL CONDITIONING OF TRANSISTORS 


1,1 PURPOSE 

This specification establishes the minimum requirements for 
the acceptance of transistors SCD 1006310 and SCD 1006323 for use 
in flyable, deliverable end items. The procedure described herein 
shall be performed by the G&N Industrial Contractor as part of the 
incoming inspection, screen and burn-in. 


2. APPLICABLE DOCUMENTS 


EFFECTIVE ISSUES 


The following documents of the issue in effect on the date of 
this document form a part of this specification to the extent speci¬ 
fied herein. 


SPECIFICATIONS 


MIL—STD-202C 


Test methods for electronic and electrical 
component parts. 


MIL-STD—750 Test methods for semiconductor devices. 


Apollo G&N 

1006310 Transistor, silicon, type PNP, switching. 

1006323 Transistor, silicon, type NPN, switching. 

20041 65l Insulator 1 , Transistor L :: *•:-* 

1006355 Curing agent, low viscosity amine type. 

1006356 Epoxy resin, low viscosity. 

3. REQUIREMENTS 

3.1 GENERAL 

The provisions of this specification shall be applicable to. 
all phases of acceptance of transistors to the extent specified herein. 
Specific requirements or provisions not covered by this specification 

shall be as specified on the applicable drawing or purchase order. 

In the event of conflict between the requirements of the applicable 
drawings, this specification and other documents cited herein, the 
requirements of the applicable drawings, this specification and the 
other documents specified herein shall govern in that order. 


All transistors supplied to this specification must have in— 
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sulators fabricated from <t(H)4105'362 >affixed to the lead underside 
of the can utilizing curing agent SCD 1006355 and epoxy resin SCD 
1006356. * 

NOTE* Transistors must have insulators affixed prior to test 
sequence 3.3.1 

3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled 
in accordance with the process control provisions of 4.2. 

3.2.1 Lot Control 

Each lot (6.2.1) as supplied by the vendor in compliance with 
1006310 or 1006323 shall be identified and maintained by the con¬ 
tractor throughout the test sequence, 3.3.1. 

3.3 TEST PROCEDURES 

3.3.1 Test Sequence 

Each lot of transistors shall be subjected to tests in the 
following sequences 

a. External Visual Inspection (Test #1) 

b. Physical Dimension, Lead Tension, and Fatigue Inspection 
(Test #2) 

c. Electrical Test (Test #3) 

d. Thermal Cycle Test (Test #4) 

e. Helium Leak Test (Test #5) 

f. Glycerine Bubble Tests (Test #6) 

g. High Temperature Bake Test (Test #7) 

h. Centrifuge Test (Test #8) 

i. Electrical Test (Test #9) 

j. Emitter-base back bias Test (Test #10) 

k. Gain Measurement (Test #11) 

m. Operation Life Test (Test #12) 

n. Electrical Test (Test #13) 

o. Internal Visual Inspection (Test #14) 

A flow diagram of the above sequence is attached. 
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Collector-emitter saturation voltage at 150 ma 
DC Current Gain at 10 ma 
DC Current Gain at 150 ma 
Emitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter breakdown voltage 
B ase -emitter saturation voltage at 500 ma 
Collector-emitter sustaining voltage. 

Turn-on. turn-off time is to be performed on a 10% sample 
basis to the limits and conditions specified in Specification Control 
Drawing 1006323# 

3.3.2.4 Electrical Test (Test #9 and *13 of 3.3.11 


B - PNP-SCD 100631(1 

The entire lot except the devices used in 3.3.2.2 
shall be subjected to the following test in the given order t 

The tests shall be the same as those outlined 
in 3.3.2.3 (a) but shall omit the collector- 
emitter sustaining voltage from the sequence# 

The limits for the test shall be 4% higher 
than the maximum and 4% lower than the mini¬ 
mum limits as specified in Specification Con¬ 
trol Drawing 1006310. 

b. NPW-SCD 1006323. 


The entire lot except the devices used in 3.3.2#2 
shall be subjected to the following tests in the given orderi 


The tests shall be the same as those outlined 
in 3.3.2.3 (b) but shall substitute the col¬ 
lector-emitter saturation voltage at 500 ma 
for the collector-emitter sustaining voltage 
in the sequence. The limits for the test 
shall be 4% higher than the maximum and 4% 
lower than the minimum limits as specified 
in Specification Control Drawing 1006323., 
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8. Open bonds detected after first electrical test due to for¬ 
mations of intermetallic compounds of aluminum and gold. 

9. Emitter to base shorting detected after first electrical test 
due to bonds making contact to each other. 

10. Open bonds for any cause detected after first electrical test 
where a substance has been put over the bonds and this sub¬ 
stance was the only means of making electrical contact. 

GROUP III 

1. Any failures, except induced failures, not listed above or any 
failure for an unknown cause. 


♦Maximum Percentage of Failures 



3 

9 & 11 


Combined Total Percent Pailures 
Group 0, I. and II at Test #9 6 #11 


♦If the number of unit failures allowable is calculated to be a 
mixed number, a combination of an integer and a fraction, uae the 
integer only. _ 



4.3 REJECTION CRITERIA 
4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as spec! 
fied in 4.4.2 such that the failures can be identified with the 
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PROCESS SPECIFICATION 
SPECIAL CONDITIONING OF TRANSISTORS 


1. SCOPE 

1.1 PURPOSE 


This specification establishes the minimum requirements for 
the acceptance of transistors SCD 1006310 and SCD 1006323 for use 
in flyable* deliverable end items. The procedure described herein 
shall be performed by the G&N Industrial Contractor as part of the 
incoming inspection* screen and burn-in. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES 

The following documents of the issue in effect on the date of 
this document form a part of this specification to the extent speci¬ 
fied herein. 

SPECIFICATIONS 


Military 

MIL-STD-202C 


MIL-STD-750 


DRAWINGS 

Apollo G&N 

1006310 

1006323 

2004165, 

1006355 

1006356 

3. REQUIREMENTS 

3.1 GENERAL 


Test methods for electronic and electrical 
component parts. 

Test methods for semiconductor devices. 


Transistor* silicon* type PNP* switching. 
Transistor* silicon* type NPN, switching. 
Insulator* Transistor i 

•• • - •- : is. 

Curing agent* low viscosity amine type. 
Bpoxy resin* low viscosity. 


The provisions of this specification shall be applicable to 
all phases of acceptance of transistors to the extent specified herein. 
Specific requirements or provisions not covered by this specification 
shall be as specified on the applicable drawing or purchase order. 

In the event of conflict between the requirements of the applicable 
drawings* this specification and other documents cited herein* the 
requirements of the applicable drawings* this specification and the 
other documents specified herein shall govern in that order. 

3.1.1 


All transistors which are to remain unpotted 
and are supplied to this specification Bust have in* 
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sulators fabricated from 1004165 r "^ ^affixed to the lead underside 
of the can utilizing curing agent SCD 1006355 and epoxy resin SCD 
1006356. 

NOTES Transistors must have insulators affixed or suit fee potted 
prior to test sequence 3.3.1.1. 

3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled 
in accordance with the process control provisions of 4.2. 

3.2.1 Lot Control 

Each lot (6.2.1) as supplied by the vendor in compliance with 
1006310 or 1006323 shall be identified and maintained by the con¬ 
tractor throughout the test sequence, 3.3.1. 

3.3 TEST PROCEDURES 

3.3.1 Test Sequence 

Each lot of transistors shall be subjected to tests in the 
following sequence: 

a. External Visual Inspection (Test #1) 

b. Physical Dimension, Lead Tension, and Fatigue Inspection 
(Test #2) 

c. Electrical Test (Test #3) 

d. Thermal Cycle Test (Test #4) 

e. Helium Leak Test (Test #5) 

f. Glycerine Bubble Tests (Test #6) 

g. High Temperature Bake Test (Test #7) 

h. Centrifuge Test (Test #8) 

i. Electrical Test (Test #9) 

j. Emitter-base back bias Test (Test #10) 

k. Gain Measurement (Test #11) 

m. Operation Life Test (Test #12) 

n. Electrical Test (Test #13) 

o. Internal Visual Inspection (Test #14) 

A flow diagram of the above sequence is attached. 
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Bulators fabricated from 2 OOU 165 affixed to the lead underside of the can 
utilizing curing agent SCD IOO 6355 and epoxy resin SCD IOO 6356 . 

HCXES: Transistors must have insulators affixed or must be potted 

at point "8" in test sequence 3*3*1*1* 

3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled in 
accordance vith the process control provisions of U.2. 

3.2.1 Lot Control 

Xach lot (6.2.1) as supplied by the vendor in compliance vith 
1006310 or 1006323 shall be identified and maintained by the contractor through 
out the test sequence, 3.3.1. 

3.3 TBBT PROCEDURES 

3.3.1 Test Sequence 

Bach lot of transistors shall be subjected to tests in the 
following sequence: 

a. ^eternal Visual Inspection (Test #l) 

b. Physical Dimension, load Tension, and fbtigue Inspection 
(Test #2) 

c. Electrical Test (Test #3) 

A. Thermal Cycle Test (Test #t) 

e. Helium Leak Test (Test #5) 

f. Glycerine Bubble Tests (Test #6) 

g. High Temperature Bake Test (Test #7) 

h. Centrifuge Tx Test (Test #6) 

l. Electrical Test (Test #9) 

J. Biltter-base back bias Test (Test #10) 
k. Gain Measurement (Test #11) 

m. Operation Life Test (Test #12) 
a. Electrical Test (Test #13) 

o. Vibration Test (Test #14) 

p. Shock Test (Test #15) 
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3.3.1 Test Sequence (Cont'd) 

q. Hectrlcal Teat (Test #16) 

r. Internal Visual Inspection (Vest #17) 

s. Insulators or potting 

t. Hectrlcal Vest (Vest #18) 

A flow diagram of the above sequence is attached. 

3.3.1.1 Removal of Jlailures 1 

Catastrophic failures only shall be removed from the test sequence at 
the point of detection and subjected to failure analysis. The point in the 
test sequence 3 . 3*1 where the failure was detected must be recorded and a sat 
of electrical readings as specified in Paragraph 3.3.2.3 shall be performed. 

All electrical failures at the end of the test sequence 3*3*1 shall be subjected 
to failure analysis except the incoming marginal failures as defined in 6 . 2.3 (a), m 
may be returned to the vendor. All non-catastrophic failures shall remain in 
test until completion of (n) test #13 in test sequence 3*3*1* All failures at 
(t) test #18 shall be removed from use but not subjected to failure analysis. 

ia.3_Tests 

3.3.2.1 External Visual Inspection 

lach lot of transistors shall be subjected to an external visual 
inpsectlon in accordance with MIL-STD-750, method 2071* 

3.3.2.2 Physical Dimension. Lead Tension. A Fatigue 

A minimum of 3 samples of transistors shall be subjected to the 
physical dimension examination of MIL-STD-750, method 2066. The units shall be 
subjected to the lead tension and lead fatigue tests in accordance with MIIHBTD-750 
method 2036 conditions A and E and to the requirements of the specification 
control drawings. The units subjected to the lead tension and lead fatigue tests 
are to be forwarded to test #17 of the test sequence 3 . 3 . 1 . 

3.3.2.3 Electrical Test (Test #3 of 3.3.1) 

a. PHP-SCD 1006310 

The entire lot except the devices used in 3 . 3 .2.2 shall be 
subjected to the following test in the given order: 

Collector-emitter saturation voltage Ite - 50 ma 

* Collector-emitter saturation voltage lie - 150 ma 

DC Current gain at - 1 ma 
DC Current gain at - 150 ma 
Emitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter sustaining voltage 
Base-emitter saturation voltage 
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Turn-on, tum-of tine Is to be performed on a 100 sample basis to the Unite 
and conditions specified In Specification Control Drawing #1006310, 

b. NFN-8CD 1006323 

The entire lot except the devices In 3-3.2.2 shall be 
subjected to the following tests In the given order: 

Collector-emitter saturation voltage at 150 aa 
DC Current Gain at 10 aa 
DC Current Gain at 150 aa 
Baitter-base breakdown voltage 
_ Collector-emitter threshold c u rre n t 
Collector-emitter breakdown ^voltage:. 

Base-emitter saturation voltage at $00 as 
Turn-on, turn-off time Is to be p erf o r me d on a 100 sample basis to 
the Halts and conditions specified In Specification Control Drawing 1006323* 

3.3.2.4 Electrical Test (Test #9 and #l6 of 3.3.1) 

a. PWP-SCD 1006310 

The entire lot except the devices used In 3.3.2.2 sh a ll be 
subjected to the following test In the given order: 

The tests shall be the same as those outlined 
In 3.3*2.3 (a) but shall omit the collector- 
emitter sustaining voltage from the sequence. 

The limits for the test shall be 40 higher 
than the 1 —Mri»ua and 40 lower than the minimum 
limits as specified In Specification Control 
Drawing 1006310. 

b. HPS-8CD 1006323 

The entire lot except the devices used In 3*3*2.2 shall be 
subjected to the following tests In the given order: 

The tests shall be the seas as those outlined 
In 3*3.2.3 (b) but shall substitute the col¬ 
lector-emitter saturation voltage at 500 aa 
for the collector-emitter sustaining voltage 
in the sequence. The limits for the test 
shall be 40 higher than the maximum and 40 
lover than the minimum limits aa specified 
in Specification Control Drawing 1006323, 
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trol Drawing 1006310. 

b. _ ym-SCD 1006323 

DC Current gain at 10 ma as defined in Specification Control 
Craving 1006323. 

3.3.2.13 Internal Visual Inspection 

The Internal Visual Inspection shall be per f or m ed on the 25 units 
trcm test # 16 , para. 3 . 3 . 2.15 and 3 samples from test # 2 , paragraph 3 . 3 . 2 . 2 . 

3.3.2.14 Vibration Test 

The vibration test shall be performed on a random sample of 25 units. 

The vibration test shall be performed in accordance with MIL-STD-750, Method 2056 , 
30 g's from 5 to 2000 cps limited to 0.12 inch double amplitude, 3 cycles, 15 
minutes per cycle minimum. 

3.3.2.15 Shock Test 

The shock test shall be per forme d an the seme units tested in 3.3.2.15. 
The shock test shall be performed in accordance vith MIL-STD-750, Method 2016, 
1500 g's, 0.5 msec, 5 blows in all axis directions, 30 blows total. 

3.3.2.16 Insulators. Encapsulation. 

All transistors shall have insulation affixed ee per perm. 3*3.1 or 
shall be encapsulated. 

3.3.2.17 Electrical test #18 

The electrical test shall be the same as 3*3*2.4 except that the 4£ 
higher maximum, 4£ lower than minimum shall not apply. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

In order to assure proper control of the acceptance process 
covered by tills specification, the contractor shall meet all the requirements 
specified herein and shall provide continuous audit of the acceptance process to 
assure compliance with the requirements of this specification, 

4.1.1 Inspection 

The contractor, through his quality assurance or eohtrol agency 
shall be responsible far the performance of all inspection requirements and test 
specified herein. , 

4.2 FAILURE CRITERIA 


4.2.1 Yhilure Analysis 

All transistors falling in the electrical tests specified 
in 3.3.2 (Test #3, # 9 , #11, # 13 , and #16) except the non-catastrophic failures as 
defined in 6 . 2.3 (*), (b), (c), and (e) shall be subjected to a failure analysis 
sufficient to identify cause and mode of failure, for failure definitions refer 
to section 6 . 2 . 
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3 * 

b. 

5. 

6 . 

7. 

VOTE: 

8 . 

9. 

10 . 


ta,t - 40 •—*«» i—— **«*- 

Catastrophic failures due to surface Instabilities. 

Shorts through the silicon dioxide due to poor oxide dielectric strength. 
Aborts, intermittent or otherwise, due to particles In the package. 

OUOTWlM ' - 40 *--*-* 1 » «*. 

It the leads sere designed Into the device end the short vu not detected 
•t first electrical test, the failure falls Into this category. 

SUSS^rs^^‘S£XS^r' *” “" 

2£T'££r<?Z2Z£S? u ‘•» “ >— 

Open bonds for any cause detected after first electrical . 

subat ance^hae been put over the hands and tils substance «as the only 
means of wakin g electrical contact* 


GROUP HI 


1 . 


^ 8Xcept lnduc * 1 failures, not listed above or any failure 

for an unknown cause. ^ 


TABLE I 



Group u 

^Maximum Pei 
£ Group T ’ 

centre of Phi] 

.ures 


2* 

1* 

l.Ojt 

0 . 5 i 

0.5* 

0.2 i 

Group Hi 

0 

0 

Combined Total Percent Jhiluree 

Group. 0, I, and II at Test #9 A #13 ^ 

^.r? 8 - °e unl ? 5 allures *llo™J>le Is calculated to be a mixed number, 
a combination of an Integer and a fraction, use the Integer only. * 
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BIBLE H 


Test lumber (See Paragraph 3.3.1) 

Lead bend and fatigue 

#a j 

1 defective 

Dimension 

#2 

1 defective 

Leak Test 

#5 

2 i 

Leak Test 

#6 * 

si 

Gain Measurement 

#11 

1 defective 

Internal Vis. 

#14 

2 defective 

External Vis. 

#1 

4 i 

Electrical Test 

#15 

1 defective 


4.3 REJECTION CRITERIA 

4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as specified 
in a.4.2 such that the failures can be Identified with the groupings specified 
In 4.2.3. The maximu m allowable percentages of failures from test number 3, 9 
and 11 of paragraph 3.3.1 according to the failure mode groupings of 4.2.3 are 
given In Table I. The maxi mi— allowable percentages of failures from test 
numbers 2, 5, 6, 11, 16, and 17 of paragraph 3.3.1 are given In Table H where the 
failure definitions are given in 6.2. Failure to meet any one of the ■ftrinn 
allowable percentages of Tables I and II or failure to comply with the test sequence 
of 3*3.1 the test procedures 3.3.2, the flight qualification requirements erf 4.4 
or the data requirements of 4.5 shall be cause for lot rejection. 

4.3.1.1 Conformance to HD 1015404 

Disclosure of any violation of previously agreed to contractor-supplier 
HD 1015404 "Critical Process" list without prior notification automatically fails 
the entire lot. Botlce of such deviation must be by the contractor to MXT/lL 
within 24 hours of disclosure. 

4.4 PLIGHT QUAUFICATIOW 

4.4.1 Flight Qualified Hardware 

A transistor Is flight qualified when the lot, of which the 
transistor is part. Is not rejected according to 4.3.1 and the transistor does 
not fail any test of the test sequence of paragraph 3.3.1. Lots that failed 
the criteria of this specification cannot be resubmitted for flight qualification 
without waiver• Failures occurring after Insulators have been added or potted 
units shall not affect the flight qualification criteria of the lot. 
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* 4,4, 1.1 Failure Traceability 

Any transistor failure detected in qualified flight hardware 
■ust be traceable to a lot as identified in paragraph 3.2.1, 

4,4.2 Qualification Report 

Two copies of a report Justifying the acceptance or rejection of a 
lot as flight qualified shall be forwarded to MTP/lL, prior to use in deliverable 
end items. The report shall include the following: 

a. A copy of the summary of the supplier's Quality Demonstration test. 

b. A summary of screen and burn-in data and a detailed list of the 
screen and burn-in results which includes the number of failures 
during test sequence 3.3.1. 

c. A failure report of all electrical failures, by unit serial number 
including induced failures, as specified in 4.2.1 which includes: 

cl. Photographs of each category of each photographable failure. 

A minimum of two photographs for each category is required 
where more than one exists. 

c2. Analysis of each failure. 

e3. Classification of each failure according to 4.2.2. 

d. A failure report by lot of all internal visual inspection 
failures (test #17 in test sequence 3-3.1) by unit serial 
number which Includes: 

dl. Photographs of each failure category detected. 
d2. Classification of each failure according to 
Section J • 

|l. Humber of failures in the failure mode groups according 
to 4.2.3. 

f. Date of purchase. 

g. Allocation of all parts from the lot updated to the date of 
issue of qualification report indicating the number of units 
which passed screen and bum-in, the number of failed units, 
the number of induced failures and the number of units removed 
from the lot for any other reason. 

h. A list of all process changes allowed by the contractor in 
accordance with 1015404 paragraph 3.3.2.2. 

4.5 DATA 

4,5.1 Stored Data 

Incoming inspection, screen, and bum-in data shall be maintained 
and stored by lot number for three years, 1 . 
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c. A noci-cataetrophic failure at test 3.3.2.** does not exceed the 
limits described in 3 . 3 . 2 .**, but changes parameters from test 
3 . 3 . 2.3 by sore than ♦ 20 ) 1 . 

d. A non-catastrophic failure at test 3.3.2.** exceeds the limits 
described in 3 * 3 * 2 .**, but changes parameters from test 3 . 3 * 2.3 
by mare than + 20 )t. 

e. A non-catastrophic failure at test 3.3.2.12 exceeded a change 
in DC current gain by 420 } in test sequence 3.3.1 test #9 and 
test # 11 . 




Induced Failures 


An induced failure is a catastrophic failure vhich through failure analysis 
can be proven to be caused by exceeding the stress limits of Specification Control 
Drawing 1006310 or 1006323. 


6.2.5 Leak Test failures 

A failure at test #5 or #6 of paragraph 3*3.1 is failure to meet the leak 
test limits as specified in Specification Control Drawing IOO 63 IO or IOO 6323 , 
and failure criteria of MIL-STD-202C, Method 112, Test Condition A. 

6.2.6 External Visual Inspection failures 

A failure at test #L of paragraph 3*3.1 is a failure to meet the visual 
and mechanical examination criteria of Specification Control Drawing IOO63IO or 
1006323. 

6.2.7 Physical Dimension failures 

The physical dimension failures of test #2 of paragraph 3*3*1 is a 
package which does not meet the physical dimension criteria of specification 
control drawing IOO 631 O or 1006323 . 


6.2.8 Lead Tension. Lead Fatigue Failures 

The lead tension, lead fatigue failures of test #2 of paragraph 3.3*1 is 
a partial or complete severing of a lead from the package. 

6.2.9 Internal Visual Inspection failures 

A failure at test #17 of paragraph 3*3.1 is failure to meet the criteria 
of Section 7. 

6.2.10 Failures 


Failure of a unit in one or mare tests will be charged as a single failure. 
A unit which could be classed by several failure modes shall be classed in the 
highest numerical modes as listed in **.2.2. A unit vhich meets the definition of 
6.2.3 (a) or 6.2.3 (b) or (c) shall be counted in Group 0 only. 
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Hie following defines the Internal visual rejection criteria for test #17 
far silicon planar transistors • 

7.1 HIGH POWER XWSFBCTIOB 

The following Inspection shall be performed at 80 power minimum vlth a 
ooluanated light source applied through the objective lens. 

7.1.1 "Purple Plaque" 1 

Any device, when viewed from above exhibiting an IntermetalUc formation 
of aluminum and gold (purple plaque) Is a reject. 

7.1.2 _Bond Placement 


Any device which exhibits bonds whose outer perlferles are closer to each 
other than 0.5 alls Is a reject. 

7.1.3 Exposed Junction 

Any device which exhibits any Junction area covered only by unthermally 
oxidised silicon is a reject. 

7.1.1* Cracks In the Die ! 

Any die which exhibits cracks In the active circuit, totalization, or bond 
areas Is a reject. Any die which exhibits cracks 1 all In length or greater 
which point toward the active circuit netalizatian or bonds Is a reject. 

7.2 LOW POWTO DIBPBCTI01 

The following Inspection shall be performed at 20 power minimum. 

7.2.1 Boat Height 

Any device which exhibits the post height equal to or less thaw the top 
of the chip is a reject. 

T.2,2 Lead Length 

leads vhleh exhibit sufficient excess length such that there exists the 
capability of shorting to another lead, edge or surface of the die, or to the 
bottom or top of the package without deforming the diameter of the lead »haii 
cause the device to be rejected. 

7.2.3 Bonds at the Post 

Wedge bonds which are made at the post such that the diameter of the wire 
at regions where the wire does not make metallurgical contact to the post Is 
constricted to less than l/2 of the normal wire diameter shall cause the device 
to be a reject. 
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7,2A 


Damaged Leada 


„ +? ld J ,hiC v eXhiblt ; nlck 5> cuta * crimps, or scoring which cut Into 

devicetS be^MreJect “* 25 * ° f arl « lnal diameter shall cause the 

7*2.5 Conducting Particles 


Any device which contains loose or easily removable electrically 
conducting segments of material which are not part of the device design is a 
reject. Electrically conducting material shall include any material of 

^ conductance to cause device failure of any electrical specification 
by shorting contacts. 


7,2,6 Surface Coating 

Any device which exhibits a surface coating is a reject. 
7.2.T Double Leads 


Any device which has more than one bond making electrical contact to any 
one te rm i n al of the transistor is a reject. ^ 

7 , 2,8 Lead Material 


Any device which exhibits lead material greater in length 2 wire 
diameters that is fixed only on one end, is a reject. 
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PROCESS SPECIFICATION 
SPECIAL CONDITIONING OP TRANSISTORS 


JL ttOPI 

i.i mma 

This specification sstsblishss ths minimum requirements for 
ths sccsptsnco of transistors BCD 1006310 and 8CD 1006323 for ass in 
flyable, dslivsrabls and itsns. Ths procsdurs described hsrsln shall 
be performed by ths 06* Industrial Contractor as part of tho incasing 
inspection f screen and burn-in. 

la, ATPMCABMB 

1.1. grrgyrivg iggygg 

The following documents of the issue in effect on tho date 
of this document form a part of this specification to the extent speci¬ 
fied herein. 

Military 

MIL-STD-202C 


MIL-8TD-750 

MIL-8TD-105D 


DRAWINGS 

Apollo 06* 

1006310 
1006323 
2004004 

3. REQUIREMENTS 

1.1 <mm& 

The provisions of this specification shall be applicable to 
all phases of acceptance of transistors to the extent specified herein. 
Specific requiresMnts or provisions not covered by this specification 
shall be as specified on the applicable drawing or purchase order. 

In the event of conflict between the requirea*nts of the applicable 
drawings, this specification and other documents cited herein, the 
requirsments of the applicable drawings, this specification and the 
other documents specified herein shall govern in that order. 

3.1.1 All transistors shall be encapsulated per 2004004. 


Test methods for electronic and electrical 
component parts. 

Test methods for semiconductor devices. 

8sapling procedures and tables for in¬ 
spection by attributes. 


Transistor, silicon, type PNP, switching 
Transistor, silicon, type NPN, switching 
Transistor, silicon (flight qualified) 


- 1 - 





Apollo G&N Specification 
ND 1002266 Rev. D 

NOTES Transistors must be encapsulated at point M S M in test 
sequence 3.3.1. 

3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled 
in accordance with the process control provisions of 4.0. 

3.2.1 Lot Control V 

Each lot (6.2.1) as supplied by the vendor in compli¬ 
ance with 1006310 or 1006323 shall be identified and maintained by 
the contractor throughout the test sequence, 3.3.1. 

3.3 TEST PROCEDURES 

3.3.1 Test Sequence 

The test sequence shall be in accordance with the 
attached flow diagram (Figure I). 

a. External Visual Inspection (Test #1) 

b. Physical Dimension, Lead Tension, and Fatigue 
Inspection (Test #2) 

c. Electrical Test (Test #3) 

d. Thermal Cycle Test (Test #4) 

e. Helium Leak Test (Test #5) 

f. Glycerine Bubble Tests (Test #6) 

g. High Temperature Bake Test (Test #7) 

h. Centrifuge Yx Test (Test #•) 

^ i. Electrical Test (Test #9) 

j. Emitter-base back bias Test (Test #10) 

k. Gain Measurement (Test #11) 

m. Operation Life Test (Test #12) 

n. Electrical Test (Test #13) 
e. Vibration Test (Test #14) 
p. Shock Test (Test #15) 
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’ ’ 3.3.1 ^st Sequence (Cont*d) • v ; ■ ; v-’!‘;*•**■,'. 

; q. Electrical Vest (Test #16) 

r. Internal Visual Inspection (Twt #1T) ; * i% 

s. Encapsulation ' '’ . , 

t. Electrical Test (Test #18) 

A floe diagram of the above sequence is attached* 

3.3.1.1 Removal of Mlurea 


Cataetrophie failuree only shall be removed from the test sequence at 
*. the point of detection and subjected to failure analysis. The point in the 

• test sequence 3.3.1 vhare the failure was detected must be recorded and a set 
^ ‘ ‘ of electrical readings as specified in Paragraph 3«3*2.3 shall be performed. 

• 7 All electrical failures at the end of the test sequence 3*3.1 shall be subjected 

. to failure analysis except the incoming marginal failures as defined in 6.2*3 (•)» * 
may be returned to the vendor. All non-catastrophic failures shall remain in 
■ , test until completion of (n) test #13 in test sequence 3*3*i« All failures at 
- (t) test #18 shall be removed from use but not subjected to failure analysis. ■ 

' • A laii2_25*1 \ 

I 3.3.2.1 External Visual Inspection 

* v Each lot of transistors shall be subjected to an external visual 

inpsectlon in accordance with MIL-STO^O# method 2071. 


3.3.2.2 Physical Dimension. Lead Tension, t Fatigue 


l 

i 


A minimum of 3 samples of transistors shall be subjected to the 
physical dimension examination of HIL-8TD-750, method 2066. Die units shall be 
subjected to the lead tension and lead fatigue tests in accordance with MHi-flTO-750 
method 2036 conditions A and E and to the requirements of the specification 
control drawings. The units subjected to the lead tension and land fatigue tests 
arm to be forwarded to test #17 of the test sequence 3.3*1» 


Electrical Test (Ta.t #3 of 3.3.1) 
.. PHP-8CD 1006310 




The entire lot except the devices used in 3.3.2.2 shall be 
subjected to the following test in the given orders ' 


I. 

..• ••/ ‘ •• •. 


, 7 -; 


-■ ’ ' i . • V ; ■ \ 


Collector-emitter saturation voltage 2fe • 50 ma 
v Collector-emitter saturation voltage 2)0 • 150 ma - 
DC Current gain at - 1 ma ; , / • 

DC Current gain at • 150 ma , 

Blitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter sustaining voltage ’> 


Base-emitter saturation voltage 


‘it, 


’/ri'/'i 




r ■ 

■ 7' -4 '■ 


V. >. ■ 


cow Of A 0«A' win ® 

oohotMtwc. 
CHANGt IN ANt WA 


• i i * 
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Turn-on, Turn-off time is to be performed on a 10% sample basis to 
the limits and conditions specified in Specification Control Drawing 
#1006310. 


b. NPN-SCD 1006323 

The entire lot except the devices in 3.3.2.2 shall be 
subjected to the following tests in the given orders 

Collector-emitter saturation voltage at 150 ma 
DC Current Gain at 10 ma 
DC Current Gain at 150 ma 
Emitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter breakdown voltage 
Collector-emitter sustaining voltage 
Base-emitter saturation voltage at 500 ma 

Turn-on, turn-off time is to be performed on a sample basis to a .65% 
AQL to the limits and conditions specified in Specification Control 
Drawing 1006323. 

3.3.2.4 Electrical Test ■( Test #9, #13, #16 and #16) 

JU_EME-fiCD JLQQ631Q 

The entire lot except the devices used in 3.3.2.2 shall 
be subjected to the following test in the given orders 

The tests shall be the same as those outlined 
in 3.3.2.3 (a) but shall omit the collector- 
emitter sustaining voltage from the sequence. 

The limits for the test shall be 4% higher than 
the maximum and 4% lower than the minimum limits 
as specified in Specification Control Drawing 
1006310. 

b. NPN-SCD 1006323 

The entire lot except the devices used in 3.3.2.2 shall 
be subjected to the following tests in the given orders 

The tests shall be the same as those outlined in 
3.3.2.3 (b) but shall substitute the collector- 
emitter saturation voltage at 500 ma for the 
collector-emitter sustaining voltage in the se¬ 
quence. The limits for the test shall be 4% 
higher than the maximum and 4% lower than the 
minimum limits as specified in Specification Con¬ 
trol Drawing 1006323. 
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3.3.2.5 Thermal Cycle Test 

The units shall be subjected to three 
the following conditions: 

Step Temperature °C 

1 150 ± 5 

2 25 ± 5 

3 -65 ± 5 

4 25 ± 5 

3 .3.2.6 Helium Leak Test 

The helium leak test shall be performed to the limits of Specifi¬ 
cation Control Drawing 1006310 or 1006323 in accordance with MIL-STO- 
202C, method 112, test condition C. 

3.3.2.7 Glycerine Bubble Test 

The oil bubble test shall be performed in accordance with MIIr» 

202C method 112, test condition A, except the glycerine shall be used. 

3.3.2.8 High Temperature Bake Test 

The high temperature bake test shall be performed in accordance 
with MIL-STD-750, method 1031, except the temperature shall be 
150 ± 5°C and the time shall be 168 ± 8 hours. 

3.3.2.9 Centrifuge Yi Test 


(3) thermal cycles under 


Tims 


30 minutes 
*NMT 10 seconds 
30 minutes 
*NMT 10 seconds 


The centrifuge test shall be performed with an acceleration of 
20,OOOg along the axis in accordance with MIL-STD-750, method 2006. 

3.3.2.10 Operation Life Test 

The Operation Life Test shall be performed in accordance with MIL- 
STD-750, method 1036 except that the operational time shall be 
240 ± 8 hours. The transistors shall be operated at a power of 350 
milliwatts and a test period shall consist of 4 minutes M on M and 1 
minute "off". 

?-a.2.U Emitter-Base Back Bias Test 

The emitter-base back bias test shall be performed on 20 units. 

Each base input shall be connected to: PNP-SCD-1006310-plus 9 volts, 
HPN-SCD-1006323 minus 6 volts with respect to the emitter via a 10K 
resistor in series with each base. The units shall be operated with 
voltage applied at a temperature of 25° ± 5°C for a period of 72 ± 8 hrs. 

3.3.2.12 Gain Measurement (Test #11 ) 
a. PNP-SCD 1006310 

DC current gain at 1 ma as defined in Specification Con- 


i 

•Transter time not more than (NMT) 10 seconds. 
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trol Drawing 1006310. 

b. NPN-SCD 1006323 

DC Current gain at 10 ma as defined in Specification Control 
Drawing 1006323. 

3.3.2.13 Internal Visual Inspection 

The Internal Visual Inspection shall be performed on the 
25 units from test #16, para. 3.3.2.15 and 3 samples from test #2, 
paragraph 3.3.2.2. 

3.3.2.14 Vibration Test 

The vibration test shall be performed on a random sample of 
25 units. The vibration test shall be performed in accordance with 
MIL-STD-750, Method 2056, 30 g*s from 5 to 2000 cps limited to 0.12 
inch double amplitude, 3 cycles, 15 minutes per cycle minimum. 

3.3.2.15 S hock Test 

The shock test shall be performed on the same units tested 
in 3.3.2.14. The shock test shall be performed in accordance with 
MIL-STD-750, Method 2016, 1500 g's, 0.5 msec, 5 blows in all axis 
directions, 30 blows total. 

3.3.2.16 Insulators. Encapsulation 

All transistors shall be encapsulated per para. 3.1.1. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

In order to assure proper control of the acceptance 
process covered by this specificatiom, the contractor shall meet all 
the requirements specified herein and shall provide continuous audit 
of the acceptance process to assure compliance with the requirements 
of this specification. 

4.1.1 Inspection 

The contractor, through his quality assurance or control 
agency shall be responsible for the performance of all inspection 
requirements and test specified herein. 

4.2 FAILURE CRITERIA 

4.2.1 Failure Analysis 

All transistors failing in the electrical tests 
specified in 3.3.2 (Test #3, #9, #11, #13, and #16) except the non¬ 
cat as trophic failures as defined in 6.2.3 (a) and (c) shall be subjected 
to a failure analysis sufficient to identify cause and mode of failure. 
For failure definitions refer to section 6.2. 
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4.2.2 Failure Mode Groupings 

After failure analysis, all failures detected at tests 
#11 and #L3 of test sequence 3«3*1* except Induced failures, shall be grouped 
as described below and the percentage failure far the lot in each group shall be 
determined. 

Group 0 - Test #3 

Hon-catastrophic failures as defined In 6.2.3 (a) and switch¬ 
ing tine failures. 

Group I 

1. Open bonds due to poor metal adhesion to silicon or silicon dioxide. 

2. Open bonds due to underbonding (Insufficient pressure and/or temperature). 

3. Open bonds due to overbondlng (excessive pressure and/or temperature) ex¬ 
clusive of thinning of lead vires of ultrasonic or wedge bonding. 

4. Opens In lead vires due to nicks, cuts or crimps In lead vires. 

5. Opens due to chip becoming detached from the header. 

6. Collector to emitter shorting and/or opening of leads due to the VggQ (sust) 
test or secondary breakdown at first electrical test. 

7. Failures due to cracked chip. 

8. Hon-catastrophic failures due to surface instabilities.' 

9. Snitter to base shorts detected at first electrical test due to bonds making 
contact to each other. 

10. Shorts, Intermittent or otherwise, detected at first electrical test due to 
free lead material or fixed extra leads designed Into the device. 

11. Open bonds detected at first electrical test due to formation of Intexmetallic 
cospounds of aluminum and gold. 

Group II 

1. Leads shorting to the surface or edge of the chip, to the can or header, or 
to each other due to excessive lead length. 

2. Leads shorting to the chip because of Insufficient post height. 
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3 # Shorting after first electrical test due to secondary breakdown detected 
because of a device fault. 

4. Catastrophic failures due to surface Instabilities. 

5* Shorts through the silicon dlood.de due to poor oxide dielectric strength. 

6. Shorts, Intermittent or otherwise, due to particles In the package. 

7« Shorts, Intermittent or otherwise, due to free lead material or fixed extra 
leads or lead material. 

SOTBs If the leads were designed Into the device the short was not detected 
at first electrical test, the failure falls Into this category. 

8. Open bonds detected after first elec triced test due to formations of in ter¬ 
ms talllc confounds of aluminum and gold. 

9. Utter to base shorting detected after first electrical test due to bonds 
m a k i n g contact to each other. 

10. Open bonds for any cause detected after first electrical test where a sub¬ 
stance has been put over the bonds and this substance was the only means of 
making electrical contact. 

111. Opens due to excessive thinning of lead wires at the base of the bond. 

Group HI 

1. Any failures, except Induced failures, not listed above or any failure 
for an unknown cause. 


TABUS I 


Test Humber 
(See Para. 3.3.1) 

■- fife 

dunum Btrceo 

tage of Failures 1 

Group 0 

Group I 

Group II 


3 

9* U 

a* 

1 . 0 * 

0.5 * 

°.5 * 

0.2* 

-- 3 

0 

0 


♦If the number of unit failures allowable Is calculated to be a mi-rad maber, 
a combination of an integer and a fraction, use the Integer only. 
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TABLE n 


Test Humber (See Paragraph 3*3.1) 

Lead bend and fatigue 

#e 

1 defective 

Dimension 

#8 

1 defective 

Leak Test 

#5 

2 i 

Leak Test 

#6 

2 i 

Gain Measurement 

#L1 

1 defective 

Internal Vis. 

#17 

2 defective 

JHeotrlcal Tpst 

#16 

1 defective 

Jim 1 ‘i-yrt. 

1 » 

1 ; elective 


4.3 REJHCTIOW CRITERIA 

4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as specified 
in 4.4.2 such that the failures can be identified with the groupings specified 
in 4.2.3* Die maximum allowable percentages of failures from test number 3, 9 
and 11 of paragraph 3.3*1 according to the failure mode groupings of 4.2.3 are 
given in Table I. The maximum allowable percentages of failures from test 
numbers 2, 5* 6, 11, 16, and 17 of paragraph 3*3*1 are given in Table U where the 
failure definitions are given in 6.2. Failure to meet any one of the 
allowable percentages of Tables Z and II or failure to comply with the test sequence 
of 3*3*1 the test procedures 3*3*2, the flight qualification requirements of 4.4 
or the data requirements of 4.5 shall be cause for lot rejection. 

4.3.1.1 Conformance to HD 1015404 

Disclosure of any violation of previously agreed to contractor-supplier 
HD 1015404 "Critical Process" list without prior notification automatically falls 
the entire lot. Hotlce of such deviation must be made by the contractor to MIT/IL 
within 24 hours of disclosure. 

4.4 FLIGHT QUALIFICATIOH 

4.4.1 Flight Qualified Hardware 

A transistor is flight qualified when the lot, of whieh the 
transistor is part, in not rejected according to 4.3.1 and the transistor does 
not fail any test of the test sequence of paragraph 3*3*1* Lota that failed 
the criteria of this specification cannot be resubmitted for flight qualification 
without waiver. Failures occurring after tncapsulatiem shall not offset the flight 
qualification criteria oot tbe lot. l '. rr r.jr ' -u. i *. 
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4.5.2 Cataloging 

Transistors failing the teste specified herein vith the exception of the 
external visual inspection and leak tests shall be cataloged and stored by lot 
number for three years. The devices oust be readily accessible for future reference. 

I>.5.3 Lot Storage 

Units submitted to the contractor as part of the Quality Demonstration 
Test shall be stored by contractor's lot number for three years. The devices must 
be readily accessible far future reference. 

5. PREPARATION FOR DELIVERY 

This section is not applicable to this specification. 

6 . MOTES 

6.1 HTTEWDED USE 

This process conditions transistors used in Apollo Flight Guidance and 
navigation Equipment. 

6.2 DBFIWITIOHS 

6.2.1 Lot 

A lot is defined as a group of transistors submitted each by a vendor in 
compliance vith 1006310 or 1006323. All serialized units of each lot must be 
Identifiable to that lot. 

6.2.2 Catastrophic Failures 

A catastrophic failure is defined as any device vhlch fails the electrical 
tests by twice the ma-rimum oar one half the minimum limits as specified in Table II 
of BCD's IOO 63 IO and 1006323. 

6.2.3 Won-Catastrophic Failures 

Ron-catastrophic failure is any device vhlch cannot be classed as a 
catastrophic failure by definition 6 . 2.2 but which fails according to the defini¬ 
tions described below: 

a. A non-catastrophic failure at test 3.3.2.3 exceed the limits of 
Table II of Specification Control Drawing IOO 63 IO er 1006323 and 
does not become a catastrophic failure during test sequence 3.3.1* 

b. A non-catastrophic failure at test 3.3.2.4 exceeds the limits des¬ 
cribed in 3 . 3 .2.4: but does not become a catastrophic failure ( 6 . 2 . 2 ). 

c. A non-catastrophic failure at test 3.3.2.12 exceeded a change in D.C. 
current gain by £ in test sequence 3.3.1 test #9 and test $L1. 
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6.2.4 Induced Failures 

An induced failure is a catastrophic failure which through failure analysis 
can be proven to be caused by exceeding the stress limits of Specification Control 
Drawing IOO 63 IO or 1006323* 

6.2.5 Leak Test Failures 

A failure at test #5 or #6 of paragraph 3.3.1 is failure to meet the leak 
test limits as specified in Specification Control Drawing IOO 63 IO or IOO 6323 , 
and failure criteria of MIL-STD-202C, Method 112, Test Condition A. 

6.2.6 External Visual Inspection Failures 

A failure at test #1 of paragraph 3.3.1 is a failure to meet the visual 
and mechanical examination criteria of Specification Control Drawing IOO 63 IO or 
1006323. 

6.2.7 Physical Dimension Failures 

The physical dimension failures of test #2 of paragraph 3.3.1 is a 
package which does not meet the physical dimension criteria of specification 
control drawing IOO 631 O or 1006323 . 

6.2.8 Lead Tension. Lead Fatigue Failures 

The lead tension, lead fatigue failures of test #2 of paragraph 3.3.1 is 
a partial or complete severing of a lead from the package. 

6.2.9 Internal Visual Inspection Failures 

A failure at test #17 of paragraph 3.3.1 is failure to meet the criteria 
of Section 7. 

6.2.10 Failures 

Failure of a unit in one or more tests will be charged as a single failure. 
A unit which could be classed by several failure modes shall be classed in the 
highest numerical modes as listed in 4.2.2. A unit which meets, the definition of 
6.2.3 (a) shall be counted in Group 0 only. 
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The following defines the internal Tieual rejection criteria far test #L7 
far silica: planar transistors* 

7.1 HIGH POWER INSPBCTIQH 

The following inspection shall be p er forme d at 80 power with a 

columnated light source applied through the objective lens* 

7.1.1 GPU) ALUMINUM DiTERMETALLIC COMPOUND 

Any device when rieved from above exhibiting any interaetallic formation of 
a lu m i n um and gold shall be subjected to the vertical lead pull test. Any device 
cont a i n i n g a bond which exhibits a bond failure at less than three gram pull 
shall be a reject. 

7.1.2 BOHD FIACEMEST 

Any device which exhibits bonds iihbse outer periferies are closer to each 
other than 0.5 mils is a reject Any bond which when viewed directly from above, 
overlaps, or appears to make contact to: 

a. The emitter metallzatlon when the lead fame the base bond. 

b* The base metalisatlon when the lead forms the emitter bond; is a reject. 

7.1.3 Exposed Junction 

Any device which exhibits any Junction area covered only by unthermally 
oxidized silicon is a reject. 

7.1.4 Cracks in the Die 

Any die which exhibits cracks in the active circuit, metallzatlon, or bond 
areas is a reject. Any die which exhibits cracks 1 mil in length or greater 
which point toward the active circuit metallzatlon or bonds is a reject* 

7.2 LOW POWER INSPECTION 

Ihe following inspection shall be performed at 20 power win * min, 

7.2.1 Post Height 

Any device which exhibits the post height equal to or less than the top of 
the chip is a reject. 

7.2.2 Lead Length 

Leads which exhibit sufficient excess length such that there exists the 
capability of shorting to another lead, edge or surface of the die, or to the 
bottom or top of the package without deforming the diameter of the lead shall cause 
the device to be rejected* 
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7.2.3 Bonds at the Post 

Wedge bonds which are made at the post such that the diameter of the wire 
at regions where the wire does not make metallurgical contact to the post Is 
constricted to less than l/2 of the normal wire diameter shall cause the device 
to be a reject. 

7.2.4 Damaged Leads 

Any lead which exhibits nicks, cuts, crimps, or scoring which cut Into 
or deform the wire by more than 25 $ of the original diameter shall cause the 
device to be a reject. 

7.2.5 Conducting Particles 

Any device which contains loose or easily removable electrically conducting 
segments of material which are not part of the device design Is a reject. 
Electrically conducting material shall Include any material of sufficient conduc¬ 
tance to cause device failure of any electrical specification by shorting contacts. 

7.2.6 Surface Coating 

Any device which exhibits a surface coating Is a reject. 

7.2.7 Double Leads 

a. Any device which has more than one bond making electrical contact to any 
one terminal of the transistor chip Is a reject. 

b. Any device which exhibits lead material greater In length than 2 wire 
diameters that Is fixed only on one end. Is a reject. 
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PROCESS SPECIFICATION 
SPECIAL CONDITIONING OF TRANSISTORS 


SCOPE 


1.1 PURPOSE 


This specification establishes the minimum requirements for 
the acceptance of transistors SCD 1006310 and SCD 1006323 for use 
in flyable# deliverable end items. The procedure described herein 
shall be performed by the G&N Industrial Contractor as part of the 
incoming inspection# screen and burn-in. 

2. APPLICABLE DOCUMENTS 

2,1 EFFECTIVE ISSUES 

a 

The following documents of the issue in effect on the date of 
this document form a part of this specification to the extent speci¬ 
fied herein. 

SPECIFICATIONS 

Military 

MIL-STD-202C Test methods for electronic and electrical 
component parts. 

MIL-STD-750 Test methods for semiconductor devices. 


DRAWINGS 


Apollo G&N 

1006310 

1006323 

1006352 

1006355 

1006356 

3. REQUIREMENTS 

3.1 GENERAL 


Transistor# silicon# type PNP,. switching. 
Transistor# silicon# type NPN# switching. 
Insulation sheet# electrical silicon 
impregnated asbestos. 

Curing agent# low viscosity amine type. 
Epoxy resin# low viscosity. 


The provisions of this specification shall be applicable to 
all phases of acceptance of transistors to the extent specified herein 
Specific requirements or provisions not covered by this specification 
shall be as specified on the applicable drawing or purchase order. 

In the event of conflict between the requirements of the applicable 
drawings# this specification and other documents cited herein# the 
requirements of the applicable drawings# this specification and the 
other documents specified herein shall govern in that order. 


3.1.1 


All transistors supplied to this specification must have in- 
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aulatora fabricated from SCD 1006352 affixed to the lead underside 
of the can utilizing curing agent SCD 1006355 and epoxy reain SCD 
1006356. t 

NOTEs Transistora must have inaulatora affixed prior to teat 
aequence 3.3.1. 

3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled 
in accordance with the process control provisions of 4.2. 

3.2.1 Lot Control 

Each lot (6.2.1) aa supplied by the vendor in compliance with 
1006310 or 1006323 shall be identified and maintained by the con¬ 
tractor throughout the test sequence, 3.3.1. 

3.3 TEST PROCEDURES 

3.3.1 Test Sequence 

Each lot of transistors shall be subjected to tests in the 
following sequences 

a. External Visual Inspection (Test #1) 

b. Physical Dimension, Lead Tension, and Fatigue Inspection 
(Test #2) 

c. Electrical Test (Test #3) 

d. Thermal Cycle Test (Test #4) 

e. Helium Leak Test (Test #5) 

f• Glycerine Bubble Tests (Test #6) 

g. High Temperature Bake Test (Test #7) 

h. Centrifuge Test (Test #8) 

i. Electrical Test (Test #9) 

j. Emitter-base back bias Test (Test #10) 

k. Gain Measurement (Test #11) 

m. Operation Life Test (Test #12) 

n. Electrical Test (Test #13) 

o. Internal Visual Inspection (Test #14) 

A flow diagram of the above sequence is attached. 
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3.3.1.1 Removal of Failures 

Catastrophic failures only shall be removed from the test 
sequence at the point of detection and subjected to failure analysis. 
The point in the test sequence 3.3.1 Where the failure was detected 
must be recorded and a set of electrical readincp as specified in 
Paragraph 3.3.2.3 shall be performed. All electrical failures at the 
end of the test sequence 3.3.1 shall be subjected to failure analysis 
except the incoming marginal failures as defined in 6.2.3 (a), may 
be returned to the vendor. 


3.3.2.1 External Visual Inspection 

Bach lot of transistors shall be subjected to an external 
visual inspection in accordance with MIL—STD—750, method 2071. 
Transistors shall be visually inspected for presence of insulators 
as referenced in paragraph 3.1.1. 

3.3.2.2 Physical Dimension. Lead Tension. & Fatigue 

A minimum of 3 samples of transistors shall be subjected to 
the physical dimension examination of MIL-STD-750, method 2066. 

The units shall be subjected to the lead tension and lead fatigue 
tests in accordance with MIL-STD-750 method 2036 conditions A and B 
and to the requirements of the specification control drawings. The 
units subjected to the lead tension and lead fatigue tests are to be 
forwarded to test #14 of the test sequence 3.3.1. 

3.3.2.3 Electrical Test (Test #3 of 3.3.11 

a. PNP-SCD 1006310 

Hie entire lot except the devices used in 3.3.2.2 
shall be subjected to the following test in the given orders 

Collector-emitter saturation voltage Ic - 50 ma 
Collector-emitter saturation voltage Ic -150 ma 
DC Current gain at - 1 ma 
DC Current gain at -150 ma 
Emitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter sustaining voltage 
Base-emitter saturation voltage 

Turn-on, turn—of time is to be performed on a 10% sample basis to. 
the limits and conditions specified in Specification Control Drawing 
#1006310. 

b. NPN-SCD 1006323 

The entire lot except the devices in 3.3.2.2 shall 
be subjected to the following tests in the given orders 
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Collector-emitter saturation voltage at 150 na 
DC Current Gain at 10 ma 
DC Current Gain at 150 ma 
• Emitter-base breakdown voltage 
Collector-emitter threshold current 
Collector-emitter breakdown voltage 
Base-emitter saturation voltage at 500 ma 

Turn-on, turn-off time is to be performed on a 10% sample 
basis to the limits and conditions specified in Specification Control 
Drawing 1006323. 

3.3.2.4 Electrical Test (Teat #9 and #13 of 3.3.1) 

a. PNP-SCD 1006310 

The entire lot except the devices used in 3.3.2.2 
shall be subjected to the following test in the given orders 

The tests shall be the same as those outlined 
in 3.3.2.3 (a) but shall omit the collector- 
emitter sustaining voltage from the sequence. 

The limits for the test shall be 4% higher 
than the maximum and 4% lower than the mini¬ 
mum limits as specified in Specification Con¬ 
trol Drawing 1006310. 

b. NPN-SCD 1006323 

The entire lot except the devices used in 3.3.2.2 
shall be subjected to the following tests in the given orders 

The tests shall be the same as those outlined 
in 3.3.2.3 (b) but shall substitute the col¬ 
lector-emitter saturation voltage at 500 ma 
for the collector-emitter sustaining voltage 
in the sequence. The limits for the test 
shall be 4% higher than the maximum and 4% 
lower than the minimum limits as specified 
in Specification Control Drawing 1006323.. 
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3.3.2.5 Thermal Cycle Test 


The units shall be subjected to three (3) thermal cycles under 
the following conditions. 


Step 

1 

2 

3 

4 


Temperature *C 


150 ± 5 
25 ± 5 
-65 ± 5 
25 ± 5 


Time 

30 minutes 
*NMT 10 seconds 
30 iainutes 
*NMT 10 seconds 


3.3.2.6 Helium Leak Test 

The helium leak test shall be performed to the limits of 
Specification Control Drawing 1006310 or 1006323 in accordance with 
MIL-STD-202C, method 112, test condition C. 

3.3.2.7 Glycerine Bubble Test 

The oil bubble test shall be performed in accordance with MIL- 
2020 method 112, test condition A, except the glycerine shall be used. 

3.3.2.8 High Temperature Bake Test 

The high temperature bake test shall be performed in accordance 
with MIL-STD-750, method 1031, except the temperature shall be 150 ± 5°C 
and the time shall be 168 ± 8 hours. 


3.3.2.9 Centrifuge Test 


The centrifuge test shall be performed with an acceleration 
of 20,000g along the Y* axis in accordance with MIL-STD-750, method 
2006. 

3.3.2.10 Operation Life Test 

The operation life test shall be performed in accordance with 
MIL-STD-750, method 1026, and Specification Control Drawing 1006310 
or 1006323 except that the time shall be 240 ± 8 hours. 

3.3.2.11 Emitter-Base Back Bias Test 

The emitter-base back bias test shall be performed on 20 units. 
Bach base input shall be connected to: PNP-SCD-1006310 - plus 6 volts, 
NPN-SCD-1006323 minus 6 volts with respect to the emitter via a 10K 
resistor in series with each base. The units shall be operated with 
voltage applied at a temperature of 25°±5°C for a period of 72 ± 8 hrs. 

3.3.2.12 Gain Measurement (Test #11) ,■ 
a. PNP-SCD 1006310 

DC current gain at 1 ma as defined in Specification Con- 
transfer time not more than (NMT) 10 seconds. 
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trol Drawing 1006310, 

b. NPN-SCD 1006323 • 

DC Current gain at 10 ma as defined in Specification Control 
Drawing 1006323. 

3.3.2.13 Internal Visual Inspection 

The Internal Visual Inspection shall be performed on the 17 
units from Quality Demonstration Test subgroup 3 and 3 samples from 
test #2, paragraph 3.3.2.2. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

In order to assure proper control of the acceptance 
process covered by this specification, the contractor shall meet all 
the requirements specified herein and shall provide continuous audit of 
the acceptance process to assure compliance with the requirements of 
this specification. 

4.1.1 Insrection 

The contractor, through his quality assurance or con¬ 
trol agency shall be responsible for the performance of all inspection 
requirements and test specified herein* 

4.2. FAILURE CRITERIA 

4.2.1 Failure Analysis 

All transistors failing in the electrical tests 
specified in 3.3.2 (Test #3, #9, #11 and #13) except the non-catas- 
trophic failures as defined in 6.2.3 (a), (b), (c) , and (e) shall be 
subjected to a failure analysis sufficient to identify cause and mode 
of failure. For failure definitions refer to section 6.2. 

4.2.2 Failure Mode Groupings 

After failure analysis, all failures detected at 
tests #3, #9, #11, and #13 of test sequence 3.3.1, except induced 
failures, shall be grouped as described below and the percentage 
failure for the lot in each group shall be determined. 

Group 0 - Test #3 

Non-catastrophic failures as defined in 6.2.3 (a) and 
switching time failures. 

Group 0 — Test #9 and #11 


Non-catastrophic failures as defined in 6.2.3 (b) 
and (c) • 

Group I 

1. Open bonds due to poor metal adhesion to silicon or silicon 
dioxide. 
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2. Open bonds due to underbonding (insufficient pressure and/or 
temperature)• 

3. Open bonds due to overbonding (excessive pressure and/or 
temperature)• 

4. Opens in lead vires due to nicks, cuts or crimps in lead vires. 

5. Opens due to excessive thinning of lead vires at the base of 
the bond. 

6. Opens due to chip becoming detached from the header. 

7. Collector to emitter shorting and/or opening of leads due to 

the (sust) test or secondary breakdown at first electrical 

test. CBO 

8. Failures due to cracked chip. 

9. Non-cat astrophic failures due to surface instabilities. 

10. Emitter to base shorts detected at first electrical test 
due to bonds making contact to each other. 

11. Shorts, intermittent or otherwise, detected at first electrical 
test due to free lead material or fixed extra leads designed 
into the device. 

12. Open bonds detected at first electrical test due to formation 
of internetallic compounds of aluminum and gold. 

GROUP II 

1. Leads shorting to the surface or edge of the chip, to the can 
or header, or to each other due to excessive lead length. 

2. Leads shorting to the chip because of insufficient post height. 

3. Shorting after first electrical test due to secondary breakdown 
detected because of a device fault. 

4. Catastrophic failures due to surface instabilities. 

5. Shorts through the silicon dioxide due to poor oxide dielectric 
strength. 

6. Shorts, intermittent or otherwise, due to particles in the package. 

7. Shorts, intermittent or otherwise, due to free lead material or 
fixed extra leads or lead material. 

NOTE: If the leads were designed into the device and the short was not 
detected at first electrical test, the failure falls into this 
category• 
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8. Open bonds detected after first electrical test due to for¬ 
mations of internetallie compounds of aluminum and gold. 

9. Emitter to base shorting detected after first electrical test 

due to bonds making contact to each other. * 

10. Open bonds for any cause detected after first electrical test 
where a substance has been put over the bonds and this sub¬ 
stance was the only means of making electrical contact. 

GROUP III 

1. Any failures# except induced failures# not listed above or any 
failure for an unknown cause. 


TABLE I 


Test Number 

♦Max num 

Percentacre o 

Failures 

(See Para.3.3.1) 


Grom I 

Gtoud II 

Group III 

3 

2* 

0.4* 

0.2* 

o 

9 & 11 

1% 

0.2* 

0.1* 

0 


Combined Total Percent Pailures 

Group 0# Z# and II at Test #9 & #11 1% 


♦If the number of unit failures allowable is calculated to be a 
mixed number# a combination of an integer and a fraction# use the 
integer only. 


TABLE II 


Test Number (See Paragraph 3.3.1) 

Lead bend and fatigue 

#2 

1 defective 

Dimension 

#2 

1 defective 

Leak Test 

#5 

2 * 

Leak Test 

#6 

2 * 

Gain Measurement 

#11 

1 defective 

Internal Vis. 

#14 

2 defective 


4.3 REJECTION CRITERIA 


4.3.1 Lot Rejection 

The failures of a shipment lot shall be classified as speci¬ 
fied in 4.4.2 such that the failures can be identified with the 
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groupings specified in 4.2.3. The maximum allowable percentages of 
failures from test number 3, 9 and 11 of paragraph 3.3.1 according 
to the failure mode groupings of 4.2.3 are given in Table I. The 
maximum allowable percentages of failures from test numbers 2, 5* 

6, 11 and 14 of paragraph 3.3.1 are given in Table II where the 
failure definitions are given in 6.2. Failure to meet any one 
of the maximum allowable percentages of Tables I and II or failure 
to comply with the test sequence of 3.3.1 the test procedures 3.3.2, 
the flight qualification requirements of 4.4 or the data requirements 
of 4.5 shall be cause for lot rejection. 

4.3.1.1 Conformance to ND 1015404 


Disclosure of any violation of previously agreed to contractor- 
supplier ND 1015404 "Critical Process" list without prior notifi¬ 
cation automatically fails the entire lot. Notice of such deviation 
must be made by the contractor to MIT/IL within 24 hours of disclosure 


4.4 FLIGHT QUALIFICATION 

4.4.1 Flight Qualified Hardware 

A transistor is flight qualified when the lot, of which the 
transistor is part* is not rejected according to 4.3.1 and the transis 
does not fail any test of the test sequence of paragraph 3.3.1. Lots 

failed the criteria of this specification cannot be resubmitted for 

flight qualification without waiver. 

4.4.1.1 Failure Traceability 

Any transistor failure detected in qualified flight hardware 
must be traceable to a lot as identified in paragraph 3.2.1. 


4.4.2 Qualification Report 

Two copies of a report justifying the acceptance or rejection 
of a lot as flight qualified shall be forwarded to MIT/IL, prior to 
use in deliverable end items. The report shall include the followings 

a. A copy of the summary of the supplier's Quality Demonstration 
test. 

b. A summary of screen and burn-in data and a detailed list 
of the screen and burn-in results which includes the 
number of failures during test sequence 3.3.1. 

c. A failure report of all electrical failures, by unit 
serial number including induced failures, as specified 
in 4.2.1 which includes: 

cl. Photographs of each category of each photo- 
graphable failure. A minimum of two photo¬ 
graphs for each category is required where 
more than one exists. 

c2. Analysis of each failure. 
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c3. Classification of each failure according 
to 4.2.2, 

d. A failure report by lot of all internal visual 
inspection failures (test #12 in test sequence 
3.3.1) by unit serial number Which includes: 

dl. Photographs of each failure category detected. 
d2. Classification of each failure according to 
Section 7. 

e. Number of failures in the failure mode groups 
according to 4.2.3* 

f. Date of purchase. 

g. Allocation of all parts from the lot updated to the 
date of issue of qualification report indicating the 

• number of units Which passed screen and burn—in# the 
number of failed units# the number of induced failures 
and the number of units removed from the lot for any 
other reason. 

h. A list of all process changes allowed by the contractor 
in accordance with 1015404 paragraph 3.3.2.2. 

4.5 DATA 

4.5.1 Stored Data 

Incoming inspection# screen# and burn-in data shall be main¬ 
tained and stored by lot number for three years. 

4.5.2 Cataloging 

Transistors failing the tests specified herein with the excep¬ 
tion of the external visual inspection and leak tests shall be cata¬ 
loged and stored by lot number for three years. The devices must be 
readily accesssible for future reference. 

4.5.3 Lot Storage 

Units submitted to the contractor as part of the Quality 
Demonstration Test shall be stored by contractor's lot number for 
three years. The devices must be readily accessible for future 
reference. 

5. PREPARATION FOR DELIVERY 

This section is not applicable to this specification. 

6. NOTES 

6.1 INTENDED USE 

This process conditions transistors used in Apollo Plight 
Guidance and Navigation Equipment. 

-10 - 
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6.2 DEFINITIONS 

6.2.1 Lot 

A lot is defined as a group of transistors submitted by a 
vendor in compliance with 1006310 or 1006323. All serialized units 
of that lot and the quality demonstration test as required by 1006310 
or 1006323 must be identified with each lot. 

6.2.2 Catastrophic Failures 

A catastrophic failure is defined as any device *rtiich fails 
the electrical tests by twice the maximum or one half the minimum 
limits as specified in Table II of SCD's 1006310 and 1006323. 

6*2.3 Non-Catastrophic Failures 

Mon-catastrophic failure is any device which cannot be 
classed as a catastrophic failure by definition 6.2.2 but which 
fails according to the definitions described below: 

a. A non-catastrophic failure at test 3.3.2.3 exceed the 
limits of Table II of Specification Control Drawing 
1006310 or 1006323 and does not become a catastrophic 
failure during test sequence 3.3.1. 

b. A non-catastrophic failure at test 3.3.2.4 exceeds the 
limits described in 3.3.2.4 but changes parameters from 
test 3.3.2.3 by ± 20% or less. 

c. A non-catastrophic failure at test 3.3.2.4 does not 
exceed the limits described in 3.3.2.4, but changes 
parameters from test 3.3.2.3 by more than ± 20%. 

d. A non-catastrophic failure at test 3.3.2.4 exceeds the 
limits described in 3.3.2.4, but changes parameters 
from test 3.3.2.3 by more than ± 20%. 

e. A non-catastrophic failure at test 3.3.2.12 exceeded a 
change in DC current gain by ±20% in test sequence 3.3.1 
test #9 and test #11. 

6.2.4 Induced Failures 


An induced failure is a catastrophic failure which through 
failure analysis can be proven to be caused by exceeding the stress 
limits of Specification Control Drawing 1006310 or 1006323. 

6.2.5 Leak Test Failures 

A Pailure at test #5 or #6 of paragraph 3.3.1 is failure to 
meet the leak test limits as specified in Specification Control 
Drawing 1006310 or 1006323, and failure criteria of MIL-STD-202C, 
Method 112, Test Condition A. 
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6.2.6 External Visual Inspection Failures 

A failure at test #1 of paragraph 3.3.1 is failure to meet 
the visual and mechanical examination criteria of Specification 
Control Drawing 1006310 or 1006323. 

6.2.7 Physical Dimension Failures 

The physical dimension failures of test #2 of paragraph 3.3.1 
is a package which does not meet the physical dimension criteria of 
specification control drawing 1006310 or 1006323. 

6.2.8 Lead Tension. Lead Fatigue Failures 

The lead tension, lead fatigue failures of test #2 of para¬ 
graph 3.3«1 is a partial or complete severing of a lead from the 
package. 

6.2.9 Internal Visual Inspection Failures 

A failure at test #14 of paragraph 3.3.1 is failure to meet 
the criteria of Section 7. 

6.2.10 Failures 

Pailure of a unit in one or more tests will be charged as a 
single failure. A unit which could be classed by several failure 
modes shall be classed in the highest numerical modes as listed in 
4.2.2. A unit which meets the definition of 6.2.3 (a) or 6.2.3 (b) 
or (c) shall be counted in Group 0 only. 

7. VISUAL REJECTION CRITERIA 

The following defines the internal visual rejection criteria 
for test #14 for silicon planar transistors. 

7.1 HIGH POWER INSPECTION 

The following inspection shall be performed at 80 power mini¬ 
mum with a columnated light source applied through the objective 
lens. 

7.1.1 M Purple Plague " 

Any device, when viewed from above exhibiting an intermetallic 
formation of aluminum and gold {purple plague) is a reject. 

7.1.2 Bond P1acement 

Any device which exhibits bonds whose outer periferies are 
closer to each other than 0.5 mils is a reject. 

7.1.3 Exposed Junction 

Any device which exhibits any junction area covered only by 
unthermally oxidized silicon is a reject. 
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7.1.4 Cracks in the Die 


Any die which exhibits cracks in the active circuit, metali- 
zation, or bond areas is a reject. Any die which exhibits cracks 1 
mil in length or greater which point toward the active circuit 
metalization or bonds is a reject. 

7.2 LOW POWER INSPECTION 

The following inspection shall be performed at 20 power i 
minimum. 

7.2.1 Post Heicrht 

Any device which exhibits the post height equal to or less 
than the top of the chip is a reject. 

7.2.2 Lead Length 

Leads which exhibit sufficient excess length such that there 
exists the capability of shorting to smother lead, edge or surface 
of the die, or to the bottom or top of the package without deforming 
the diameter of th* lead shall cause the device to be rejected. 

7.2.3 Bonds at the Post 

Wedge bonds which are made at the post such that the diameter 
of the wire at regions where the wire does not make metallurgical 
contact to the post is constricted to less than 1/2 of the normal 
wire diameter shall cause the device to be a reject. 

7.2.4 Damaged Leads 

Any lead which exhibits nicks, cuts, crimps, or scoring which 
cut into or deform the wire by more than 25% of the original diameter 
shall cause the device to be a reject. 

7.2.5 Conducting Particles 

Any device which contains loose or easily removable electrically 
conducting segments of material which are not part of the device design 
is a reject. Electrically conducting material shall include any ma¬ 
terial of sufficient conductance to cause device failure of any elec¬ 
trical specification by shorting contacts. 

7.2.6 Surface Coating 

Any device Which exhibits a surface coating is a reject. 

• 

7.2.7 Double Leads 

Any device which has more than one bond making electrical 
contact to any one terminal of the transistor is a reject. 

7.2.8 Lead Material 

Any device which exhibits lead material greater in length 
than 2 wire diameters that is fixed only on one end, is a reject. 
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SPECIFICATION FOR 

WELDABLE SURFACE, MULTILAYER, PRINTED WIRING BOARDS 


This specification establishes the requirements for material, fabrication, 
mechanical, and environmental performance requirements for the multilayer, 
weldable surface, printed wiring board utilizing the plated-thru-hole technique 
to obtain metallic interlayer connection. 

2.0 APPLICABLE DOCUMENTS 

The following documents form a part of this specification. 

2.1 Specifications 

MIL-C-14550 - Copper plating, Electrolytically deposited. 

MIL-G-45204 - Gold Plating, Electrolytically deposited. 

MIL-P-13949 - Plastic Sheet, Laminated, Copper Clad, (for 
printed wiring). 

MIL-P-18177 - Plastic Sheet Laminated, Thermosetting, Glass 
fiber base epoxy resin. 

MIL-STD-202 - Test Method for Electronic and Electrical 
Component parts. 

ND-1002019 - Marking 

Federal Spec. L. T. 90 - Tape, Pressure, - Sensitive Adhesive. 

MIL-P-55110 - Printed Wiring Boards 

The multilayer boards furnished on this project shall be fabricated 
and tested to comply with this specification.. 

3.0 MECHANICAL SPECIFICATIONS 

3.1 General Requirements 

The multilayer boards, consisting of 7 layers of embedded 
circuitry, (5 signal layers, 1 ground plane, 1 voltage plane), 
maximum with weldable tab areas appearing on the top surface 
and pads on the bottom surface, will be fabricated from a set of 
artwork masters to meet the requirements of this specification. 

The lamination layer sequence shall be such that the voltage plane 
is to be located nearest to the top weld tab layer and the ground 
plane is to be located nearest the bottom side of the board. 

3.2 Specific Requirements 


L Copper Clad Laminate ^ 

The base material shall*be 0.008 * 0.001 inches thick glass-fiber base 
epoxy produced in accordance with MIL-P-18177, .type GEE and copper clad to 
MIL-P- 13949 , class B pit & dent and class B inclusion. The copper foil 
shall have a pyrity ©£ 99 . 5 I and a .thickness of . 00281*.0007 - .0003 (3 ox) 
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3.2.2 Weldable Foil * 

The weldable foil used for the weld-tab areas on the top surface 
of the board shall be a three layer composite foil consisting of a thin 
(5%) outer layer of nickel, a relatively thick (90%) core of steel, and 
a thin (5%) backing of aluminum. The aluminum side shall be bonded 
to the insulating substrate and shall have a minimum peel strength ^ 
of 12 lb. per inch of width, when tested in accordance- withJfZL-B- 139 ^ 9 .'^ 
Foil thickness shall be .003 ± .0003 inches. 

3.2.3 Pre-Preg (B-Stage) Material 

The pre-preg material used for the fabrication of the boards shall 
be the same resin system as the copper foil base laminate and shall 
have a cured thickness of .006 .001 inches. Two layers of pre-preg 

material shall be used between copper clad laminates or between the 
weldable foil and the copper clad laminate. ~ The material shall be per?<t 
MIL-P-18177, Type GEE after lamination. 

3.2.4 Plating 

Plating on the surface pad areas or in the holes shall be a 
combination of the following plating materials. 

3.2.4.1 Copper Plating 

All copper plating used shall be electrolytic ally produced 
in accordance with MIL-C-14550. Minimum purity shall be 99.5%. 
Electroless deposition of copper adherent to plastic and copper shall 
be used as a preliminary process for providing the conductive layer 
inside the holes. The minimum thickness of copper on the wall of 
the hole shall be .0015 inches. The plating thickness shall be 
7. determined by examination of micro-sections of plated-thru-holes 
located in a test cupon area adjacent to the board. The manufacturer 
shall be required to keep on record for a period of one year, micro¬ 
sections of the plated-thru-holes. 

3.2.4.2 Gold Plating 

All gold plating used shall be electrqlytically deposited 
in accordance with MIL-G-45204, Type I or n. The minimum 
thickness of gold shall be • 000050 inches. Type n gold shall be 
preferred. 


'-t ‘ ~ V - , 
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Nominal conductor width on internal layer shall be .015 inches. 
In critical applications, where circuit parameters permit, the 
conductor width shall be .010 inches minimum. Conductor defects 
such as pin holes, pits, nicks, or ragged edges shall not reduce the 
effective width of the conductor more than 25%. as long as the 
conductor width has not been reduced below the minimum allowable 
conductor width of .010 inches. Minimum conductor spacing between 
conductors, pad areas, or between a conductor and the wall of a 
plated -thru-hole shall be . 010 inches. 


6 Weldable Tab Area 

The weldable tab area with their associated holes shall be 
as defined in figure 1. The minimum spacing between weldable 
tab areas shall be .010". 


7 . ■ Pad Area . 

In the manufactured board, the minimum annular ring on external 
pads on the bottom of the board, or the distance between the edge of the 
pad and the edge of the plated-thru-hole shall be .002 inches. The 
minimum spacing between adjacent pads «h»n be .010". 


Registration 


The layer-to-layer registration shall be within . 005 inches 
from true location, for internal layers. 


9 


Component Identification 

Markings shall be epoxy base ink (black) per ND 1002019. 
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4.0 QUALITY ASSURANCE PROVISIONS 

4.1 General Requirements 

The boards furnished in accordance with this specification and 
all associated drawings shall be accepted on the basis of thia test 
specification. 

4.2 Workmanship Requirements 

The multilayer circuit board shall be manufactured in a careful 
workmanship manner to meet the requirements of thia overall 
specification. The finished board shall be uniform in texture, finish, 
and be free of blisters, wrinkles, pin holes, or delamination, which 
may affect the serviceability or function of the board. 

4.3 Physical Requirements 

4.3.1 Machineability 

The board shall be capable of withstanding drilling and routing in 
all directions without cracking, splitting or delamination. The finished 
length and width of the board shall be routed to 9.000" + .010" by 
1.063 + .010". - J 

4.3.2 Warp or Twist 

The warp or twist of the board shall not exceed .OfO^on overall length 

4.3.3 Plating Adhesion 

A plating adhesion test using cellophane tape conforming to Type 1, 
Class A, Federal Specification LT 90 shall be performed on all plated 
circuitry in conformance with MIL-P-55110. 

4.3.4 Weldability 

The board shall be capable of withstanding the heating effects 
produced by a parallel-gap welder. No delamination of the weld tab 
shall occur; slight epoxy melt is permissible in the area of the weld 
joint. 

4.3.5 Re-Weldability 

The board shall be capable of withstanding the replacement of any 
individual component a minimum of 3 times without delamination of 
the weld-tab. 
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Electrical Requirements 

The multilayer board shall be tested and must be capable of withstanding 
the following electrical tests. 

Electrical Continuity 

Each board shall be 100$ checked for electrical continuity and shorts. 

The dc resistance of any conductor shall be less than 4 ohms. (0*3 nhm 
attributable to the conductor and the balance of 3.7 to test 
fixturing.) 

Insulation Resistance 

The insulation resistance between each conductor and *-11 other conductors 
shall be not less than 30 megohms with 100 VDC. There shall be no flash- 
over, sparkover, or any other disruptive discharge. The circuit be 

tested in accordance with M3X-STD-202, Method 302. 

Environmental Specifications 

Performance Capability 

The multilayer board will be capable of withstanding the effects of any 
combination of environmental conditions defined herein without loss of 
continuity, breakdown between conductors, delamination of circuitry layers, 
delamination of the weldable tabs and base material, or any visible damage 
to the board. Discoloration of the metallic conductors and epoxy board is 
permissible. 


Temperature» Vibration and Thermal Shock 

The multilayer board shall withstand the tenq&erature, vibration and therml 
shock in accordance with MIL-STD-202, Methods 107B and 204 a, and in the 
following sequence: 


1 * S* 106 * 2 Acycies^O minutes residence at extremes of -65°C 


xnermaj. snock: 5 cycles, 30 a 
(-85*5) and* l65°C (*329°F). 

Thermal storage at 4* l65°C (i 329°F) for 15 hours. 
Thermal storage at -65°C (-85°F) for 8 hours. 


Vibration: 8,5 minute sweep at approximately 1 octave/l.5min. 
From 30 to 2000 cps with 7.50 sine wave, plus 15 grms 
Noise A 6db roll-off is permitted between 30 to 60 cps. 


Vibration: 8.5 minute sweep at approximately 1 octave/l.5 min. 
From 2000 to 30 cps with 15G sine wave only. 


8 . 


Vibration 8.5 minute sweep at approximately 1 octave/l.5 min. 
From 30 to 2000 cps with 10G sine wave, plus 20 grms noise. 

A 6 db rofcl-off is permitted between 30 to 60 cps. jg 

Vibration 8.5 minute H^eep at approximately 1 octave/l.5 min. 
From 2000 to 30 cps with ftOG sine wave only. 


NOTE: 


residence at ertreBe ' of -^° c 


Board to be mounted horizontal and parallel with the vibration fixture 
The board shall be cl amp ed both top and bottom along entire lon g mHo 
for a depth of approx. 1/8 inch from both edges. 
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SPECIFICATION FOR 

WELDABLE SURFACE, MULTILAYER, PRINTED WIRING BOARDS / 


1.0 SCOPE 

This specification establishes the requirements for material, fabrication, 
mechanical, and environmental performance requirements for the multilayer, 
weldable surface, printed wiring board utilizing the plated-thru-hole technique 
to obtain metallic interlayer connection. 

2. 0 APPLICABLE DOCUMENTS 

The following documents form a part of this specification. 


2.1 Specifications 


MIL-C-14550 
MIL-G-45204 
MIL-P-13949 

MIL-P-18177 

MIL-STD-202 

ND-1002019 
Federal Spec. 
MIL-P-55110 


- Copper plating, Electrolytically deposited. 

- Gold Plating, Electrolytically deposited. 

• Plastic Sheet, Laminated, Copper Clad, (for 
printed wiring). 

- Plastic Sheet Laminated, Thermosetting, Glass 
fiber base epoxy resin. 

- Test Method for Electronic and Electrical 
Component parts. 

- Marking 

L. T. 90 - Tape, Pressure, - Sensitive Adhesive. 

- Printed Wiring Boards 


The multilayer boards furnished on this project shall be fabricated 
' and tested to comply with this specification. 

3. 0 MECHANICAL SPECIFICATIONS 


3, l General Requirements 

The multilayer boards, consisting of a sufficient number of layers of 
embedded circuitry with weldable tab areas appearing on the top surface 
and on the bottom surface, will be fabricated from a set of artwork mas¬ 
ters to meet the requirements of this specification. The lamination 
layer sequence shall be such that the voltage plane is to be located near¬ 
est to the top weld tab layer and the ground plane is to be located nearest 
the bottom side of the board. 


3. 2 Specific Requirements 
3.2.1 Copper Clad Laminate 

The base material shall be 0. 008 ± 0. 001 inches thick glass fiber base 
epoxy produced in accordance with MIL-P-18177, type GEE and copper clad to 
MIL-P-13949, class B pit It dent and class B inclusion. The copper foil 1 ( 3 ) 
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shall have a purity of 99# 5% and a thickness of • 0028 + • 0007 • . 0003 (2 oz). 

f 

3.2.2 Weldable Foil ~~~ ' “ _ 

The weldable foil used for the weld-tab areas on the top surface 
of the boaird shall be a three layer composite foil consisting of a thin 
(5%) outer layer of nickel, a relatively thick (90%) core of steel, and 
a thin (5%) backing of aluminum. The aluminum side shall be bonded 
to the insulating substrate and shall have a minimum peel strength 
of 12 lb. per inch of width, when tested in accordance with MIL-P-13949. 

Foil thickness shall be • 003 ± • 0003 inches. 

3. 2. 3 Pre-Preg (B-Stage) Material 

The pre-preg material used for the fabrication of the boards shall 
be the same resin system as the copper foil base laminate and shall have 
a cured thickness of . 006 ± • 001 inches. Pre-preg material shall be used 
between copper clad laminates or between the weldable foil and the copper 
clad laminate. The material shall be per MIL-P-18177, Type GEE after 
-^-lamination^_ 

3. 2. 4 Plating 

___ Plating on the surface pad areas or in the holes shall be a com¬ 
bination of the following plating materials. 

3.2.4. 1 Copper Plating 

All copper plating used shall be electrolytically produced in 
accordance with MIL—C-14550. Minimum purity shall be 99. 5%. 
Electroless deposition of copper adherent to plastic and copper shall 
be used as a preliminary process for providing the conductive layer 
inside the holes. The minimum plated copper thickness in the plated 
thru holes shall be • 0015 inches for 75 percent of the cross sectional 
hole. The remaining 25 percent may exhibit a maximum of 3 of the 
following conditions on each side of a hole. 

1. An area which has a minimum plated thickness of • 0005 
inches and a maximum length of • 002 inches, provided 
it does not appear at the hole conductor interface, and a 
similar condition does not appear on the adjacent side of 
the hole indicating a ring. 

2. An area which has a minimum plated thickness of • 001 
inches and a maximum length of • 005 inches, provided 
it does not appear at the hole conductor interface. 

The plating thickness shall be determined by examination of 
micro-sections of plated-thru-holes located in a test cupon area adjac¬ 
ent to the board. The manufacturer shall be required to keep on record ' 
for a period of one year, micro-sections of the plated-thru-holes. 


I 
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3. 2.4.i2 Gold Plating 

All gold plating used shall be electrolytically deposited in 
accordance with MLL-G-45204, Type 1 or II. The minimum thickness 
of gold shall be • 000050 inches. Type 11 gold shall be preferred. 

3. 2. 5 Conductor Width and Spacing 

v Nominal conductor width on internal layer shall be .015 inches. 

In critical applications, where circuit parameters permit, the conductor 
width shall be .010 inches minimum. Conductor defects such as pin 
holes, pits, nicks, or ragged edges shall not reduce the effective width 
of the conductor more than 25%, as long as the conductor width has not 
✓ been reduced below the minimum allowable conductor width of • 010 

I inches. Minimum conductor spacing between conductors, pad areas, 

or between a conductor and the wall of a plated-thru-hole shall be .010 
inches. 

3. 2. 6 Weldable Tab Area 

The weldable tab area with their associated holes shall be 
as defined in figure 1. The minimum spacing between weldable tab 
areas shall be • 010". 

3. 2. 7 Pad Area • 

In the manufactured board, the minimum width of the annular 
ring on external pads on the bottom of the board, or the distance between 
the edge of the pad and the edge of the plated-thru-hole shall be • 002 
inches. The minimum spacing between adjacent pads shall be .010". 

3. 2. 8 Registration 

' - The layer-to-layer registration shall be within • 005 inches 

.. from true location-for internal layers. 

%2.9 ' Component Identification 

Markings .shall be. epoxy base ink (black) per-ND 1002019* 

I • 
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4.0 Quality ASSURANCE PROVISIONS 

4.1 General Requirements 

Boards shall be accepted on the basis of conformance to this specification 
and all related drawings and documents mentioned on page one. In the event 
of conflict between the requirements of the applicable drawings, this speci¬ 
fication and other documents cited herein, the requirements of the applicable 
drawings and this specification shall govern in that order. 

4. 2 Workmanship Requirements 

The multilayer circuit board shall be manufactured in a careful workman¬ 
ship manner to meet the requirements of this overall specification. The 
finished board shall be uniform ip texture, finish, and be free of blisters, 
wrinkles, piniioles, o'r delamination, which may affect the serviceability 
or function of the boardr* J - 

4.3 Physical Requirements __ . .... . 


4. 3.1 Machine ability 

The board shall be capable of withstanding drilling and routing in all 
directions without cracking, splitting or delamination* The finished length 
and width of the board shall be routed to 9. 000" ± • 010" by 1. 063 4 • 010". 

4. 3.2 Warp or Twist 

The warp or twist of the board shall not exceed • 090" on overall length. 

4. 3. 3 Plating Adhesion 

A plating adhesion test using cellophane tape conforming to Type 1, Class 
A, Federal Specification LT 90 shall be performed on all plated circuitry 
in conformance with MIL-P-55110. 

4.3.4 Weldability 

The board shall be capable of withstanding the heating effects produced 
by a parallel-gap welder. No delamination of the weld tab shall occur; slight 
epoxy melt is permissible in the area of the weld joint. 

4. 3. 5 R e - Weldability 

The board shall be capable of withstanding the replacement of any indivi¬ 
dual component a minimum of 3 times. 


4 (B) 
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#77 (. 018) dia. drilled 
hole, plated thru. 


(1) MODULE TABS 

(2) INPUT-OUTPUT TABS 


Figure 1 
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shall have a purity of 99. 5% and a thickness of • 0028 + .0007 - . 0003 (2 oz). 

2.2 Weldable Foil ~~-’• ' 

The weldable foil used for the weld-tab areas on the top surface 
of the boaird shall be a three layer composite foil consisting of a thin 
(5%) outer layer of nickel, a relatively thick (90%) core of steel, and 
a thin (5%) backing of aluminum. The aluminum side shall be bonded 
to the insulating substrate and shall have a minimum peel strength 
of 12 lb. per inch of width, when tested in accordance with MIE-P-13949. 

Foil thickness shall be • 003 ± . 0003 inches. 

2. 3 Pre-Preg (B-Stage) Material 

The pre-preg material used for the fabrication of the boards shall 
be the same resin system as the copper foil base laminate and shall have 
a cured thickness of . 006 ± . 001 inches. Pre-preg material shall be used 
between copper clad laminates or between the weldable foil and the copper 
clad laminate. The material shall be per MIL-P-18177, Type GEE after 
—lamination.-_. 

2.4 Plating 

Plating on the surface areas> or in the holes shall be a com- ~ 
bination of the following plating materials. 

2. 4. 1 Copper Plating 

All copper plating used shall be electrolytically produced in 
accordance with MIL.-C-14550. Minimum purity shall be 99. 5%. 

Electroless deposition of copper adherent to plastic and copper shall 
be used as a preliminary process for providing the conductive layer 
inside the holes. The minimum plated copper thickness in the plated 
thru holes shall be • 0015 inches for 75 percent of the cross sectional 
hole. The remaining 25 percent may exhibit a maximum of 3 of the 
following conditions on each side of a hole. 

1. An area which has a minimum plated thickness of • 0005 
inches and a maximum length of • 002 inches, provided 
it does not appear at the hole conductor interface, and a 
similar condition does not appear on the adjacent side of ’ 
the hole indicating a ring. 

2. An area which has a minimum plated thickness of • 001 
inches and a maximum length of • 005 inches, provided 
it does not appear at the hole conductor interface. 

The plating thickness shall be determined by examination of 
micro-sections of plated-thru-holes located in a test cupon area adjac¬ 
ent to the board. The manufacturer shall be required to keep on record 
for a period of one year, micro-sections of the plated-thru-holes. / 
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3. 2.4.2 


3. 2.4.3 


3. 2.5 


/ • 

| 3.2.6 


3.2.7 


i' 

i 


3.2.8 


3. 2.9 


Gold Plating Plated Through Holes 

Gold plating shall be electrolytically deposited in accordance 
with MIL-G-45204, Type 1 or 11. The minimum thickness of gold 
shall be • 000050 inches. Type 11 gold shall be preferred. 

Gold Plating Weldable Tabs 

Gold plating shall be electrolytically deposited in accor¬ 
dance with MLL-G-45204, Type 1. The thickness of gold shall be 
0. 0001 inches minimum to 0. 0003 inches maximum. 

Conductor Width and Spacing 

Nominal conductor width on internal layer shall be • 015 
inches. In critical applications, where circuit parameters permit, 
the conductor width shall be .010 inches minimum. Conductor de¬ 
fects such as pin holes, pits, nicks, or ragged edges shall not 
reduce the effective width of the conductor more than 25%, as long 
as the conductor width has not been reduced below the minimum al¬ 
lowable conductor width of .010 inches. Minimum conductor spacing 
between conductors, pad areas, or between a conductor and the wall 
of a plated-thru-hole shall be .010 inches. 

Weldable Tab Area 

The weldable tab area with their associated holes shall be 
as defined in figure 1. The minimum spacing between weldable 
tab areas shall be .010". 

i 

Pad Area / 

In the manufactured board, the minimum width of the annular 
ring on external pads on the bottom of the board, or the distance 
between the edge of the pad and the edge of the plated-thru-hole 
shall be • 002 inches. The minimum spacing between adjacent 
pads shall be • 010". 

Registration 

~ The layer-to-layer. registration shall be within .005 inches 
from true location for internal layers. 

f ■ 

Component Identification 

Markings.shall be epoxy base ink (blackfper ND 1002019* 
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SPECIFICATION FOR 

WELDABLE SURFACE, MULTILAYER, PRINTED WIRING BOARDS / 


1.0 SCOPE 


This specification establishes the requirements for material, fabrication, 
mechanical, and environmental performance requirements for the multilayer, 
weldable surface, printed wiring board utilizing the plated-thru-hole technique 
to obtain metallic interlayer connection. 

2.0 APPLICABLE DOCUMENTS 


The following documents form a part of this specification. 


2. 1 Specifications 


MIL-C-14550 
MIL-G-452 04 
MIL-P-13949 

MIL-P-18177 

MIL-STD-202 

ND-1002019 
Federal Spec. 
MIL-P-55110 


- Copper plating, Electrolytically deposited. 

- Gold Plating, Electrolytically deposited. 

- Plastic Sheet, Laminated, Copper Clad, (for 
printed wiring). 

- Pla&tic Sheet Laminated, Thermosetting, Glass 
fiber base epoxy resin. 

- Test Method for Electronic and Electrical 
Component parts. 

- Marking 

L. T. 90 - Tape, Pressure, - Sensitive Adhesive. 

- Printed Wiring Boards 


The multilayer boards furnished on this project shall be fabricated 
* and tested to comply with this specification. 


3.0 MECHANICAL SPECIFICATIONS 


3. 1 General Requirements 

The multilayer boards, consisting of a sufficient number of layers of 
embedded circuitry with weldable tab areas appearing on the top surface 
will be fabricated from a set of artwork mas¬ 
ters to meet the requirements of this specification. The lamination 
layer sequence shall be such that the voltage plane is to be located near¬ 
est to the top weld tab layer and the ground plane is to be located nearest 
the bottom side of the board. 

3. 2 Specific Requirements 
3. 2.1 Copper Clad Laminate 

The base material shall be 0. 008 ± 0. 001 inches thick glass fiber base 
epoxy produced in accordance with MIL-P-18177, type GEE and copper clad to 
MIL-P-13949, class B pit fc dent and class B inclusion. The copper foil . 
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shall have a parity of 99. S% and a thickness of • 0028 + . 0007 - . 0003 (2 os). 

2.2 Weldable Foil 

The weldable foil used for the weld-tab areas on the top surface 
of the board shall be a three layer composite foil consisting of a thin 
(5%) outer layer of nickel, a relatively thick (90<) core of steel, and 
a thin (5%) backing of aluminum. The aluminum side shall be bonded 
to the insulating substrate and shall have a minimum peel strength 

2.3 Pre-Preg (B -Stage) Material 

The pre-preg material used for the febrication of the boards shall 
be the same resin system as the copper foil base laminate and shall have 
a cured thickness of .006 A .001 inches. Pre-preg material shall be used 
between copper clad laminates or between the weldable foil and the copper 
clad laminate. The material shall be per MIL-P-18177, Type GEE after 
lamination. 

2.4 Plating 

Plating on the surface areas or in the holes shall be a combination 

of the following plating materials. 

2. 4.1 Copper Plating 

All copper plating used shall be electrolytically produced in 
accordance with MIL-C-14550. Minimum purity shall be 99. S<*. 
Electroless deposition of copper adherent to plastic and copper shall 
be used as a preliminary process for providing the conductive layer 
inside the holes. The minimum plated copper thickness in the plated 
thru holes shall be .0015 inches for 75 percent of the cross sectional 
hole. The remaining 25 percent may exhibit a maximum of 3 of the 
following conditions on each side of a hole. 

1. An area which has a minimum plated thickness of .001 
inches and a maximum length of . 005 Inches, provided 
it does not appear at the hole conductor interface. 

The plating thickness shall be determined by examination of 
micro-sections of plated-thru-holes located in a test cupon area adjac¬ 
ent to the board. The manufecturer shall be required to keep on record 
for a period of one year, micro-sections of the plated-thru-holes. 
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4.0 QUALITY ASSURANCE PROVISIONS 

4.1 General Requirements 

Boards shall be accepted on the basis of conformance to this 
specification and all related drawings and documents mentioned on 
page one. In the event of conflict between the requirements of the 
applicable drawings, this specification and other documents cited 
herein, the requirements of the applicable drawings and this speci¬ 
fication shall govern in that order. 

4.2 Workmanship Requirements 

The multilayer circuit board shall be manufactured in a careful 
workmanship manner to meet the requirements of this overall speci¬ 
fication. The finished board shall be uniform in texture, finish, 
and be free of blisters, wrinkles, pin holes, or delamination, which 
may affect the serviceability or function of the board. 

4.3 Physical Requirements 

4.3.1 Machineability 

The board shall be capable of withstanding drilling and routing 
in all directions without cracking, splitting or delamination. The 
finished length and width of the board shall be routed to 9.000 M ± 
.010- by 1.063 + .010". 

4.3.2 Warp or Twist 

The warp or twist of the board shall not exceed .090- on overall 
length• 

4.3.3 Plating Adhesion 

A plating adhesion test using cellophane tape conforming to Type 1, 
Class A, Federal Specification LT 90 shall be performed on all plated 
circuitry in conformance with MIL-P-55110. 

4.3.4 Weldability 

The board shall be capable of withstanding the heating effects 
produced by a parallel-gap welder. ■£> delamination of the weld tab 
shall occur; slight epoxy melt is permissible in the area of the 
weld joint. 
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SPECIFICATION FOR 

WELDABLE SURFACE, MULTILAYER, PRINTED WIRING BOARDS 


1.0 SCOPE 

This specification establishes the requirements for material, fabrication, 
mechanical, and environmental performance requirements for the multilayer, 
weldable surface, printed wiring board utilizing the plated-thru-hole technique 
to obtain metallic interlayer connection. 

2.0 APPLICABLE DOCUMENTS 

The following documents form a part of this specification. 

2.1 Specifications 

MIL-C-14550 - Copper plating, Electrolytically deposited. 

MIL-G-45204 - Gold Plating, Electrolytically deposited. 

MIL-P-13949 - Plastic Sheet, Laminated, Copper Clad, (for 
printed wiring). 

MIL-P-18177 - Plastic Sheet Laminated, Thermosetting, Glass 
fiber base epoxy resin. 

MIL-STD-202 - Test Method for Electronic and Electrical 
Component parts. 

ND-1002019 - Marking 

Federal Spec. L. T. 90 - Tape, Pressure, - Sensitive Adhesive. 

MIL-P-55110 - Printed Wiring Boards 

The multilayer boards furnished on this project shall be fabricated 
and tested to comply with this specification.. 

3.0 MECHANICAL SPECIFICATIONS 

3.1 General Requirements 

The multilayer boards, consisting of 7 layers of embedded 
circuitry, (5 signal layers, 1 ground plane, 1 voltage plane), 
maximum with weldable tab areas appearing on the top surface 
and pads on the bottom surface, will be fabricated from a set of 
artwork masters to meet the requirements of this specification. 

The lamination layer sequence shall be such that the voltage plane 
is to be located nearest to the top weld tab layer and the ground 
plane is to be located nearest the bottom side of the board. 

3.2 Specific Requirements 

3.2.1 Copper Clad Laminate ^ ^ ^ i v- 

f The base material shall be glass fiber base epoxy per MIL-P-13949, 

* * fl'ypejQJS-lO, and shall have a thickness of .008 + .001 inches. 

The copper foil shall have a purity of 99.5% antfa thickness 

of .0028 + .0007 -.0003 (2 oz.). 
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3.2.2 Weldable Foil 

The weldable foil used for the weld-tab areas on the top surface 
of the board shall be a three layer composite foil consisting of a thin 
(5%) outer layer of nickel, a relatively thick (90%) core of steeU and 
a thin (5%) backing of aluminum. The aluminum side shall be bonded 
to the insulating substrate and shall have a minimum peel.strength 
of 12 lb. per inch of width. Foil thickness shall be .003 + .0003 inches. 

3.2.3 Pre-Preg (B-Stage) Material 

The pre-preg material used for the fabrication of the boards shall 
be the same resin system as the copper foil base laminate and shall 
have a cured thickness of . 006 + .001 inches. Two layers of pre-preg 
material shall be used between copper clad laminates or between the 
weldable foil and the copper clad laminate. The material shall be per?*- 
MIL-P-18177, Type GEE. 

3.2.4 Plating 

Plating on the surface pad areas or in the holes shall be a 
combination of the following plating materials. 

3.2.4.1 Copper Plating 

All copper plating used shall be electrolytic ally produced 
in accordance with MIL-C-14550. Minimum purity shidl be 99.5%. 
Electroless deposition of copper adherent to plastic and copper shall 
be used as a preliminary process for providing the conductive layer 
inside the holes. The minimum thickness of copper on the wall of 
the hole shall be .0015 inches. The plating thickness shall be 
; determined by examination of micro-sections of P^^-thru-holes 
located in a test cupon area adjacent to the board. The manufacture 
shall be required to keep on record for a period of one year, micro¬ 
sections of the plated-thru-holes• 

3.2.4.2 Gold Plating 

All gold plating used shall be electrolytically deposited 
in accordance with MIL-G-45204, Type I or H. The nnnimum 
thickness of gold shall be .000050 inches. Type n gold shall be 
preferred. 

3.2.5 Board Thickness 

The measurement of the composite board thickness shall be made 
across the board cross-section extremities, including plating onttie 
surface and epoxy coating on the bottom. The composite board thick¬ 
ness shall not exceed .125 inches. 
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3. 2. 6 Conductor Width and Spacing 

Nominal conductor width on internal layer shall be .015 inches. 

In critical applications, where circuit parameters permit, the 
conduc or width shall be .010 inches minimum. Conductor defects 
such as pin holes, pits, nicks, or ragged edges shall not reduce the 
effective width of the conductor more than 25%, as long as the 
conductor width has not been reduced below the minimum allowable 
conductor width of .010 inches. Minimum conductor spacing between 
conductors, pad areas, or between a conductor and the wall of a 
plated-thru-hole shall be .010 inches. 

3. 2. 7 Weldable Tab Area 

The weldable tab area with their associated holes shall be 
as defined in figure 1. The minimum spacing between weldable 
tab areas shall be .010". 

3.2.8 Pad Area 

In the manufactured board, the minimum annular ring on external 
Pads on the bottom of the board, or the distance between the edge of the 
pad and the edge of the plated-thru-hole shall be .002 inches. The 
minimum spacing between adjacent pads shall be .010". 

3.2.9 Registration 

The layer-to-layer registration shall be within . 005 inches 
from true location. 

3. 2.10 Component Identification 

Markings shall be epoxy base ink (black) per ND 1002019. 

3. 2.10.1 Component Orientation 

The orientation of the integrated circuit component 
shall be stenciled on the top surface of the board. 
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4.0 QUALITY ASSURANCE PROVISIONS 

4.1 General Requirements 

The boards furnished in accordance with this specification and 
all associated drawings shall be accepted on the basis of this test 
specification. 

4.2 Workmanship Requirements 

The multilayer circuit board shall be manufactured in a careful 
workmanship manner to meet the requirements of this overall 
specification. The finished board shall be uniform in texture, finish, 
and be free of blisters, wrinkles, pin holes, or delamination, which 
may affect the serviceability or function of the board. 

4.3 Physical Requirements 

4.3.1 Machineability 

The board shall be capable of withstanding drilling and routing in 
all directions without cracking, splitting or delamination. The finished 
length and width of the board shall be routed to 9.000“ + .010" by 
1.063^.010". ~ 

4.3.2 Warp or Twist 

The warp or twist of the board shall not exceed .010 inch/inch. 

4.3.3 Plating Adhesion 

A plating adhesion test using cellophane tape conforming to Type 1, 
Class A, Federal Specification LT 90 shall be performed on all plated 
circuitry in conformance with MIL-P-55110. 

4.3.4 Weldability ^ 

The board shall be capable of withstanding the heating effects 
produced by a parallel-gap welder. No delamination of the weld tab 
shall occur; slight epoxy melt is permissible in the area of the weld 
joint. 

4.3.5 Re-Weldability 

The board shall be capable of withstanding the replacement of any 
individual component a minimum of 3 times without delamination of 
the weld-tab. 
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4.4 Electrical Requirements 

The multilayer board shall be tested and must be capable of 
withstanding the following electrical tests. 

4.4.1 Electrical Continuity 

n Each board shall be 100% checked for electrical 
continuity and shorts. The dc resistance of any conductor shall 
be less than 0.3 ohms. 

4.4.2 Insulation Resistance 

The insulation resistance between each conductor and 
all other conductors shall be not less than 30 megohms with 
100 VDC. There shall be no flashover, sparkover, or any 
other disruptive discharge. The circuit shall be tested in 
accordance with MIL-STD-202, Method 302. 

4.4.3 Capacitance 

The capacitance of the boards shall be checked and 
ah nil meet the following requirements: 

a. Signal circuit to signal circuit - 55 Picofarads Max. 

b. Signal circuit to all other (tie - 100 Picofarads Max. 
all other leads including ground 

and voltage together). 

c. Voltage plane to ground plane - no limit. 

4.5 ENVIRONMENTAL SPECIFICATIONS 

4.5.1 Performance Capability 

The multilayer board will be capable of withstanding 
the effects erf any combination of environmental conditions defined 
herein without loss of continuity, breakdown between conductors, 
delamination of circuitry layers, delamination of the weldable tabs 
and base material, or any visible damage to the board. Discoloration 
of the metallic conductors and epoxy board is permissible. 

4.5.2 Temperature, Vibration and Thermal Shock 

The multilayer board shall withstand the temperature, 
vibration and thermal shock in accordance with MIL-STD-202, 
Methods 107A and 204A, and the following schedule: 
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1. Thermal storage at +165°C. for 15 hours* 

2* Thermal storage at -65°C. (-85°F*) for 8 hours* 

3* Thermal shock* 5 cycles* 30 minutes residence 
at extremes of -65°C <-85°F) and +165°C. 

4*5*3 Humidity 

The multilayer board* after being coated with a conformal 
coating* shall be tested in accordance with MLL-STD-202B* 
Method 106 (A) (except Step 7); +25°C. to 65°C* 90-98% RH, 
ten 16-hour-cycles* 100 Vdc polarizing voltage applied. 

5.0 PREPARATION FOR DELIVERY * This section is not applicable 
to this specification* 


6* 1 Intended Use* This process is intended for use in the fabrication 
of multilayer circuit boards for use in the Airborne Apollo 
Guidance and Navigation equipment* 
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(1) MODULE TAOS 

(2) INPUT-OUTPUT TABS 


Figure 1 
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3. REQUIREMENTS 

3.1 PRECAUTIONS. Normal safety precautions required during testing of precision 
electromechanical equipment shall be followed. 

3.1.1 Heater Power. Electrical power shall be supplied to the assembly such that the 
temperatures of the three IRIG's shall be maintained at 135* *5°F, and the temperature 
of the three PIP's shall be maintained at 130* *5*F. Momentary disconnects of heater 
power to the inertial components at operating temperature are allowed for periods of up 
to 5 minutes. 

3.1.2 Ducosyn Suspension Power. The ducosyn suspension power shall be maintained for a 
period of 2 hours prior to pulse torquing. If suspension power is interrupted after initial 
turn on and prior to completion of the 2-hour period, an additional period of suspension on- 
time equivalent to the suspension interruption-time period shall be required before pulse 
torquing. 

3.2 TEST CONDITIONS. The workmanship-vibration tests shall be performed under the 
following conditions: 

3.2.1 Test Environment 

a. Ambient Temperature: 25* ±10*C 

b. Relative Humidity: 90% max 

c. Barometric Pressure: 28 to 32 inches of Hg 

3.2.2 Electrical Input. The simulated S/C IS3 operate bus shall he 23.30*0.25 vdd. a . . , 

3.2.3 Coolant Requirements. The IMU shall be provided with water-glycol coolant at a temperature 

of 45* *3°F and flow rate of 33*3 lb per hour. In addition, the PSA, andPHA falrtplelae „ 

be provided with coolant sufficient to maintain the header temperatures below 70*F. 

3.2.4 Gyro Wheel Time. A record shall be kept of gyro wheel operation time. 

3.3 PRIOR COMPLIANCE. Prior to performing the workmanship-vibration test on the 
assembly, an Inertial Subsystem, including the assembly to be tested, shall have bee&. i\/y. , 

calibrated and tested in accordance,with ATP2015497 e* PS2G07203.: ^ i r It 


3.4 SUPPORT EQUIPMENT. The Power and Servo Assembly (PSA) which was tested and 
calibrated with the assembly in accordance with ATP2015497 (see 3.3) shall be used with 
the assembly during vibration testing. 

3.5 TEST FAILURE 

3.5.1 Failure Criteria. Failure of the assembly to perform as specified herein, feilure of 
materials, instability of circuits, chattering of contacts, insulation breakdown or permanent 
change of components which would affect operational and reliability performance of the APOLLO 
Guidance and Navigation Equipment shall constitute failure of the assembly. 
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1. SCOPE 


1.1 PURPOSE. Thia specification establishea the conditions and requirements for 
workmanship-vibration testing of the Inertial Measurement Unit and PIPA Electronics 
Assembly, Part Number 2007203-011, hereafter referred to as the assembly. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to 

the extent specified herein. Unless otherwise specified, Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

APOLLO GIN 


ATP2015497 


Procuremert Specification, Product Configuration 
And Acceptance Test Requirements, Inertial 
Measurement Unit and PIPA Electronics Assembly 

Assembly Test Procedure, Inertial Subsystem 


DRAWINGS 


APOLLO GIN 


2007203 i Inertial Measurement Unit and PIPA Electronics Assembly 

✓ 

{Copies of specifications, standards, drawings, bulletins, and publications required by 
suppliers in connection with specific procurement functions should be obtained from the 
procuring activity or as directed by the contracting officer.) 

2.2 CONFLICTING REQUIREMENTS, la event of a conflict between requirements, the 
following order of precedence shall apply. The contractor shall also notify MIT/IL APOLLO 
Management of the conflict. 

a. The contract 

b. This specification 

e. Documents listed in this section 
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3. REQUIREMENTS 

3.1 PRECAUTIONS. Normal safety precautions required during testing of precision 
electromechanical equipment shall be followed. 

3.1.1 Heater Power. Electrical power shall be supplied to the assembly such that the 
temperatures of the three IRIG's shall be maintained at 135* *5*F, and the temperature 
of the three PIP's shall be maintained at 130° *5*F. Momentary disconnects of heater 
power to the inertial components at operating temperature are allowed for periods of up 
to 5 minutes. 

3.1.2 Ducosyn Suspension Power. The ducosyn suspension power shall be maintained for a 
period of 2 hours prior to pulse torquing. If suspension power is interrupted after initial 
turn on and prior to completion of the 2-hour period, an additional period of suspension-on- 
time equivalent to the suspension interruption-time period shall be required before pulse 
torquing. 

3.2 TEST CONDITIONS. The workmanship-vibration tests shall be performed under the 
following conditions: 

3.2.1 Test Environment 

a. Ambient Temperature: 25* *10°C 

b. Relative Humidity: 90% max 

o. Barometric Pressure: 28 to 32 inches of Hg 

3.2.2 Electrical Input. The simulated S/CIS* operate bueshall be 2$.30*o»25 edci. f ± . i / s. 

3.2.3 Coolant Requirements. The IMU shall be provided with waters glycol coolant at a temperature 
of 45* *3°F and flow rate of 33*3 lb per hour. In addition, the PSA, mkdJPXA GsUpteta* atoll u 

be provided with coolant sufficient to maintain the header temperatures below 70*F. 

3.2.4 Gyro Wheel Time. A record shall be kept of gyro wheel operation time. 

3.3 PRIOR COMPLIANCE. Prior to performing the workmanship-vibration test on the 
assembly, the assembly shall have met the requirements of PS2007203, and an Inertial Subsystem, 
including the assembly to be tested, shall have been calibrated and tested in accordance with 
ATP2015497. 

3.4 SUPPORT EQUIPMENT. The Power and Servo Assembly (PSA) which was tested and 
calibrated with the assembly in accordance with ATP2015497 (see 3.3) shall be used with 
the assembly during vibration testing. 

3.5 TEST FAILURE 

3.5.1 Failure Criteria. Failure of the assembly to perform as specified,herein, failure of 
materials, instability of circuits, chattering of contacts, insulation breakdown or permanent 
change of components which would affect operational and reliability performance of the APOLLO 
Guidance and Navigation Equipment shall constitute failure of the assembly. 
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d. Py pulse 

e. Ny pulse 

f. P z pulse 

g. N z pulse 

4.2.3 Failure Detect Signals. The following special condition and failure signals shall not 
occur before, during, or after vibration: 

a. Temperature alarm signal indicating either a low or high temperature. 

b. IMU failure indication. 

c. Absence of both P and N pulses in the presence of an interrogate pulse. 

d. Failure of the interrogate pulse. 

e. Failure indication produced by the digital circuitry monitoring the P and N pulses 
or the interrogate pulse. 

4.3 TESTS 

4.3.1 Previbration and Postvibration Functional Tests. After the assembly has been 
mounted on the vibration machine preparatory to vibration exposure, the following tests 
shall be performed. After vibration along each axis, the Inertial test (4.3.1.2) and the Power 
Supply and Current Monitor test (4.3.1.3) shall be repeated prior to removing the assembly 
from its vibration machine mounting. 

TABLE Bl 


SUPPLY AND CURRENT MONITOR OUTPUTS 


. PARAMETER 

NO. OF 
OUTPUTS 

VALUE 

800 cps 1% Supplies 

2 

28V ±2% 

800 op. 8% ftippiMi (At «6p*M»> ) 

2 

28V ±0% 

800 ops •% Supply (BJf) 

1 

28V ±f .5% 

3200 cps Supply 

1 

28.5V ±2% 

-28 vdc Supply 

1 

-27.5 *6 VV 

120 vdc Torquing Supply 

1 

120V *5% 

28 vdc Torquing Supplies 

3 

28V ±5% 

20 vdc Torquing Supply 

1 

20 vdc *8% 

-20 vdc Torquing Supply 

1 

-20 vdc * 10 $ 

Heater Current Monitor 

1 

0 to 3.5 amp 

Blower Current Monitor 

1 

0 to Liana 10 


4.3.1.1 Gimbal Gage. With the assembly in the gimbal cage mode, the glmbal angles shall 
be at their null positions and the 1 speed resolver outputs shall be less than 75 mv. 

4.3.1.2 Inertial. With the assembly in the inertial mode, the IRIG outputs shall be less than 
1.2V rms and the PIPA G/S signals shall exhibit normal moding. 

4.3.1.3 Power Supply and Current Monitor. The supply and current monitor outputs shall be 
as specified in Table It and output signals shall be as specified in 4.2.3. 
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4* 3. S Vibration. With the following oonditlqns established in the sequence indicated, 
the assembly shall be vibrated along each of the three orthogonal asms. The vibration 
shall be sinusoidal and the frequency inoreaae^at a rate of 15.0*1.5 seconds per octave. 
Inputs shall be 1. Og rms from 10 to 2000 ops. The Output signals shall be as specified 
in 4.2 during vibration. 

a. The assembly, PSA, coolant cart and other test equipment connected as a unit. 

(The PEA oovir assembly shall be replaced with tooling assembly FD 757828. 

b. All conditions and precautions specified in 2.1 and 2.2 established or verified. 

o. The HfU inertial components at operating temperature and the temperature 
control loops in operation for at least 15 minutes. 

d. The assembly energised in the inertial mode. 

e. The sta bi li s ation gyros oompsnstated for earth rate, unbalance and residual torques 
by analog torquing to within 5 meru and the gimbal angles equal to 0* *1.0*. 

t The gimbal drift shall be recorded daxtoy vibration. 

g. Signals recorded as specified in 4.2. 

5. PREPARATION FOR DELIVERY. This section is net applicable to this specification. 
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3. REQUIREMENTS 

3.1 PRECAUTIONS. Normal safety precaAtions required during testing of precision electro¬ 
mechanical equipment shall be followed. 

3.1.1 Heater Power . Electrical power shall be supplied to the assembly such that the 
temperatures of the three IRIG’s shall be maintained at 138* ±5°F and the temperatures 
of the three PIP's shall be maintained at 130* ±5°F as indicated by the IMU temperature 
alarm. Momentary disconnects of heater power to the inertial components at operating 
temperature is allowed for periods of up to 5 minutes. 

3.1.2 Ducosyn Suspension Power . The ducosyn suspension power shall be maintained for 
a period of 2 hours prior to pulse torquing. If suspension power is interrupted after initial 
turn on and prior to completion of a 2-hour period, an additional period of suspension on 
time equivalent to the suspension interruption time period shall be required before pulse 
torquing. 

3.2 TEST CONDITIONS. The workmanship-vibration tests shall be performed under the 
following conditions. 

3.2.1 Test Environment 

a. Ambient Temperature: 28* adfFC 

b. Relative Humidity: 90% max 

c. Barometric Pressure: 28 to 32 inches of Hg 

3.2.2 Electrical Input. The simulated 8/C 188 operate bus shall bn 28 . 30*0.25 vH:' v k 

3.2.3 Coolant Requirements . The IMU shall be provided with water-glycol coolant at a 
temperature of 48° ±J°F and flow rate of 33±3 lb per hour. In addition, the PSA, and ?TA 

Coldplatee shall hs provided with coolant suffident tct maintain ths header temperature ™ 
below 70*F, 

3.2.4 Gyro Wheel Time. A record of gyro wheel operation time shall be maintained. 

3.3 PRIOR COMPLIANCE. Prior to performing the workmanship-vibration test on the 

assembly, an Inertial Subsystem including the assembly: to be tested, shall have been * 
calibrated and tested in accordance with ATP6015497 or PS6007001. t,.- i d r, r. m 

act .-rcUaL? 

3.4 SUPPORT EQUIPMENT. The PSA which was tested and calibrated with the assembly 
in accordance with ATP6015497 shall be used with the assembly duriig vibration testing. 
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TABLE II 

POWER SUPPLY AND CURRENT MONITOR OUTPUTS 


PARAMETER 

NO. OF 
OUTPUTS 

VALUE 

800 cps 1% supplies 

A 

28V*2% 

800 cps 8% A0 supply' 

1 

28V*6% 

800 cps 5% 90 supply 

1 

28V*^. 5% 

3200 cps supply 

1 

24.i¥*2% 

-28 vdc supply 

1 

-27.0*4V I 

120 vdc torquing supply 

1 

120V*5% 

28 vdc torquing supply 

3 

28 vdc *5% 

Heater 'current monitor 

1 

0 tet.hafbp 

Blower current monitor 

1 

0 te JLOsuapd total 

• ii>au.jr cv.rre 'i\ '"-ivy.: 

1 

u to . . •> ami# 

'ifc, ,-.er cjrr*- tiv.rtt V 

I 

O.to t'a;i ,- 4 i.-.c i 


4.3.2 Vibration. With the following conditions established in the sequence listed, the 
assembly shall be vibrated along each of the orthogonal axes. The vibration shall be 
sinusoidal and the frequency increased at a rate of 15.0*1.5 seconds per octave. Inputs 
shall be 1. Og rms from 10 to 2000 cps. The output signals shall be as specified in 4.2 
during vibration. 

a. The assembly, PSA, coolant cart and other test equipment connected as a unit. 

(Hie PTAVassembly shall be replaced with tooling assembly FD757759). 

b. All conditions and precautions specified in 3.1 and 3.2 established or verified. 

c. The IMU inertial components at operating temperature and the temperature 
control loops in operation for at least 15 minutes. 

d. The assembly energized in the inertial mode. 

e. The stabilization gyros compensated for earth rate, unbalance and residual torques 
by analog torquing to within 5 meru and the gimbal angles equal to 0.0* *1.0* • 

I. The gimbal drift shall be recorded, during vibration. 

g.Signal*.recorded as specified in 4.2 .^.,.l. •.«- ■*, to tbL- .,UL, .. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6. NOTES. None. 


RMtjls 
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1. SCOPE 

1.1 PURPOSE. specification establishes the conditions and requirements for 
workmanship-vibration testing of the Inertial Measurement Unit and Pulse Torqne 
Assembly, Part Number 6007001-011, hereafter referred to as the assembly, 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following doeuments form a part of this specification to 

the extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the issde in effect oa the date of request for prepoeel er Invitation to bid. 

SPECIFICATIONS 

APOLLO G5N 

P86007001 Proourement Spec i floa t lon for the Inertial Me asu r em ent 

Unit and Pulse Torque Assembly 

ATP6015497 * Assembly Test Procedure for Inertial Subsystem 

DRAWINGS 

APOLLO GAN 

6007001 Inertial Measurement Unit and Pulse Torqne Ass e m bly 

(Copies of specifications, standards, drawings, bulletins, and publications required 
by suppliers in connection with specific procurement functions should he obtained 
from the procuring activity er as directed by the contracting officer.) 

2.2 CONFLICTING REQUIRE ME NTS. In the event of a conflict between requirements.the 
following order of precedence shall apply. The contractor shall also notify MIT/lL APOLLO 
Management of the conflict. 

a. The contract 
• This specification 

Documents listed in this section. 


b, 

o, 
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3. REQUIREMENTS 

3.1 PRECAUTIONS. * Normal safety precautions required during testing of precision electro¬ 
mechanical equipment shall be followed. 

3. 1* 1 Heater Power . Electrical power shall be supplied to the assembly such »J»«t the 
temperatures of the three IRIG's shall be maintained at 138* *£°F and the temperatures 
of the three PIP’S shall be maintained at 130* *5°F as indicated by the IMU temperature 
alarm. Momentary disconnects of heater power to the inertial components at operating 
temperature is allowed for periods of up to 5 minutes. 

3. 1.2 Ducosyn Suspension Power . The ducosyn Suspension power shall be maintained for 
a period of 2 hours prior to pulse torquing. If suspension power is interrupted after initial 
turn on and prior to completion of a 2-hour period, an additional period of suspension on 
time equivalent to tee suspension interruption time period shall be required before pulse 
torquing. 


3.2 TEST CONDITIONS. The workmanship-vibration tests shall be p erfor m e d under the 
following conditions. 

3.2.1 Test Environment 

a. Ambient Temperature: 2S* rC 

b. Relative Humidity: 90% max 

c. Barometric Pressure: 28 to 32 inches of Hg 

3.2.2 Electrical Input. The simulated S/C 288 operate bunjShntt ^ - 

3.2.3 Coolant Requirements . The IMU shall be provided with water-gLyed coolant at a 
temperature of 48° ±3°F and flow rate of 33±3 lb per hour. In addition, the PSA, and ^TA 

below 70*F. 

3.2.4 (tyro Wheel Time. A record of gyro wheel operation time shall be maintained. 

3.3 PRIOR COMPLIANCE. Prior to performing the workmanship-vibration test on tee 
assembly, the assembly shall have met the requirements of P66007001; and an Inertial 
Subsystem, including the assembly to be tested, shall have been calibrated and tested in 
accordance with ATP6015497. 

3.4 SUPPORT EQUIPMENT. The PSA which was tested and calibrated with the assembly 
in accordance with ATP6015497 shall be used with the assembly during vibration testing. 
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TABLE HI 

POWER SUPPLY AND CURRENT MONITOR OUTPUTS 


PARAMETER 

NO. OF 
OUTPUTS 

VALUE 

800 cps 1% supplies 

1 

28V*2% 

800 cps 8% All supply V 

1 

asv±«% 

8oocp.s»a*san>ir> 

1 

28 V*?, 9% 

3200 cps supply 

• ■■ ■* 1 " 


-28 vdc supply 

1 

-27.0*8V r 

120 vdc torquing supply 

1 

120V*5% 

28 vdc torquing supply 

2 

28 vdc *5% 

Beater tartest monitor 

1 

8 tn «ft. iiip 

Blew** tartest monitor 

1 

0aeiu9nm>^>hase 

iieaicr cudV'tt monitor 

1 

0 to 3.5 amp 

Blower current monito r 

1 

i 

0.to ft.6 amp/phase 


4.3.2 Vibration. With the following conditions established in the sequence listed, the 
assemhly shall be vibrated along each of the orthogonal axes. The vibration shall be 
sinusoidal and the frequency increased at a rate of 15.0*1.5 seconds per octave, in puts 
shall be 1.Og rms from 10 to 2000 ops. The output signals shall be as specified in 4.2 
during vibration. 

The assembly, PSA, coolant ctil and other test equipment connected as a unit, 

(The PTAVassembly shall be replaced with tooling assembly FD757759). 

b. All conditions and precautions specified in 3.1 and 3.2 established or verified. 

o. The IMU inertial components at operating temperature and the temperature 
control loops in operation for at least 15 minutes. 

V 

d. The assembly energised in the inertial mode. 

e. The stabilization gyros compensated for earth rate, unbalance and residual torques 
fay analog torquing to within 5 meru and the gimbal en gla* equal to 0.0* *1.0* • 

f. Thf gtoabal drift sfcsUhs seconded, during vibration. 

3. g. SipiAl&.ro©©rded as apecified indirection is not applicable to this specUieafciMi. 

5. PREPARATION FOR DELIVERY. This section is not applicable to thi« specification. 

6. NOTES. None. 


RMtjU 
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3.2.3 Mechanical paint mixer. Red Devil Paint Conditioner. 

3.2.4 Suitable fixtures, trays, racks, etc. for proper 
handling of the work load. 

3.2.5 Zahn Cup No. 2. 

3.2.6 Sable hair brush for touch-up purposes only. 

3.2.7 Equipment to measure the thickness of the coating such 
as Dermitron, Magne-Gage or Dermascope• 

3.3 Storage stability 

3.3.1 Each component shall have a shelf life of at least 
12 months when stored in closed containers at a 
maximum ambient temperature of 95°F (35°C). 

3.3.2 Any material which has exceeded the expiration date 
marked on the container by the manufacturer shall not 
be used. 

3*4 Preparation of coating material 

3.4.1 Thoroughly agitate the base resin, component No. 1 of 
1012543, m its original container using a mechanical 
paint mixer or shaker. 

3.4.2 Add volun,e of the converter-catalyst, component No. 2 
of 1012543 to three volumes of the base resin, comnonent 
No. 1 of 1012543, and mix thoroughly on a mechanical paint 

111 YAP Afi Chjlram 


3.4.2.1 The visocity of the mixed coating material shall be 

a maximum of 34 seconds measured with a No. 2 Zahn Cup. 

3.4.3 If siphon spray equipment is used, reduce (thin) the mixed 

™?5 erial Up to 10% by vo * ume with Xylene conforming 
tO II—A—916. 


3.4.3.1 The viscosity of the Xylene reduced (thinned) mixed 
coating shall be a maximum of 24 seconds measured 
with a No. 2 Zahn Cup. 


3.4.4 


* he Nixed-coating material (3.4.2) or the reduced 
(thinned) mixed coating material (3.4.3) fails to meet 
the viscosity requirements indicated in 3.4.2.1 and 

Pr epared coating material shall not be used 
and shall be discarded. In addition, the containers and 
the contents from which the coating material was prepared 
shall also be discarded. y 
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1. SCOPE 

1.1 PURPOSE. This specification establishes the prooess requirements for the application 
of epoxy paint. 

1. S CLASSIFICATION. The requirements for the prooess covered fay this specification shall 
be designated as ND1002279-001. This shall include all requirements specified in Sections 1 
through 6 of this specification. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the Issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 

Xylene (For use in organic coatings) 

Toluene-Methyl Isobutyl Ketone Mixture 


APOLLO G«N 
1008809 
1010992 

PUBLICATIONS 
NASA 

NPC 200-2 NASA Quality Publication, Quality Program 

for Space System Contractors 


Paint, Epoxy 

Primer Coating, Epoxy Polyamide 
Chemical and Solvent Resistant 


TT-X-916 

Military 

MIL-T-19588 

DRAWINGS 
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3. REQUIREMENTS 

3.1 MATERIAL. The coating system covered by this process shall consist of a two com¬ 
ponent epoxy primer conforming to the requirements specified on Drawing 1010992, and a 
two component epoxy paint conforming to the requirements specified on Drawing 1008809. 

3.2 RESTRICTIONS. Unless otherwise specified on the applicable drawing, the finish 
shall be omitted from surfaces having a total dimensional tolerance of less than 0.001 inch, 
from inside cup or box shaped parts, and from all tapped and pin holes. 

3.3 PRETREATMENT. Prior to the application of the coating, the parts to be finished 
shall be treated as specified on the applicable drawing. When no pretreatment is specified, 
the parts shall be pretreated as follows with the exception that nonmetallic parts shall receive 
no pretreatment other than cleaning. 

3.3.1 Cleaning . Where surface contamination is inherent in the fabrication of the part or 
assembly, the contaminants shall be removed with a solvent or cleaning agent which is com¬ 
patible with the material to be coated. Care shall be exercised in the handling of pretreated 
parts to prevent surface contamination due to fingerprints, oils, greases, release agents, 
moisture, dust or other foreign material which would affect the adherence or appearance of 
the coating. 

3.3.2 Surface Roughening . The surfaces of ferrous parts (including corrosion resistant 
steel) and nickel plated parts shall be vapor blasted after cleaning to produce a uniform 
matte appearance. The surfaces of the parts shall be given a water spray rinse to remove 
all traces of blast grit, then dried to remove moisture. 

3.4 PRIMING. Unless otherwise specified, all surfaces to be finished shall receive a primer 
coat prior to the application of a top coat of epoxy paint. 

3.4. i Preparation . Prior to blending the two components together, the components shall be 
individually stirred and have a temperature of 65° to 95°F. After the individual stirring, equal 
volumes of the components shall be blended together to form the primer. When thinning to a 
spray consisten y is desired, a thinner conforming to the requirements of Specification 
MIL-T-19588 or a thinner consisting of equal volumes of methyl-isobutyl-ketone and toluol 
shall be mixed into the blended primer. The primer shall then be allowed to stand for a mini¬ 
mum of 1 hour at room temperature before use. 

3.4.2 Application . The primer shall be used within 8 hours after mixing and shall be applied 
in one wet pass to a dry film thickness of 0.3 to 0.7 mil. 

3.4.3 Curing . Unless otherwise specified, the primer shall be allowed to air dry for a 
minimum of 1 hour before applying the top coot Of epoxy paint. 

3.5 PAINTING 

3.5. i Preparation . Prior to blending the two components together, the components shall be 
individually stirred. After stirring, the two components shall be blended together in the ratio 


T 






.... 
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of 1 part by volume of part B (catalyst) to 2 parts by volume of part A (resin). When thinning 
to a spray consistency is desired, xylene, which conforms to the requirements of Specification 
TT-X-916, shall be mixed into the blended paint. The paint shall then be allowed to stand at 
room temperature for a minimum of 1 hour before use'. 

3.5.2 Application . The mixed paint shall be used within 8 hours after mixing and shall be 
applied over the primed surfaces to a dry film thickness of 1 to 1.5 mil, unless otherwise 
specified. 

3.5.3 Curing . The applied film of paint shall be allowed to air dry a minimum of 30 minutes 
before applying a force cure (a cure at a temperature other than room temperature). The force 
cure schedule shall be in accordance with Table I unless otherwise specified on the applicable 
drawing, or if the underlying substrate is a nonmetallic material. 

3.5.3.1 Nonmetallic Materials . The force cure of nonmetallic materials shall employ a 
temperature schedule which is compatible with the underlaying substrate and may vary from 
the cure schedule specified in Table I as long as a satisfactory finish is obtained. 



3.6 CURED FILM PROPERTIES. The properties of the cured paint shall conform to the 
requirements of Drawing 1008809 when tested as specified therein. 

3.7 WORKMANSHIP. The primer and paint shall be smooth and uniform in appearance, 
free from sags, voids or other irregularities which would not reflect a good finish. Irregu¬ 
larities in the applied film, such as dirt, lint, small runs, pits and metal defects not; 
completely hidden by the applied paint, shall be eliminated by using proper equipment, 
processes and application techniques. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain sufficient process 
and quality oontrol to assure that the rsquirements of this specification are met la aooordanoe 
with the provisions of Publication NPC SOO-2. 


S. PREPARATION FOR DELIVERY. This section la not applicable to this specification. 


S. NOTES 

6.1 INTENDED USE. This process Is Intended for use in the application of epoxy paint 
on the APOLLO ftiippasf anti Airborne Equipment. 
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3*3 Wire Routing. The following requirements shall apply to wire routing 

of inhibit and sense vires. 

3*3.1 ! Crossing Core Openings. As little slack as possible shall be maintained 
without the inhibit vires or sense vires crossing any core openings. 

3.3.2 Total Wires. The maximum number of inhibit and sense vires, including 
incorrect vires, shall not exceed that number which would cause a mechanical 
interference thru the core openings l.e. blocking of the core opening which 
would prevent threading of any more wire thru the core. 

3*3*3 Incorrect or Defective Wires. After threading, incorrect or defective 
wires 8hall not be removed. The cut or broken ends of incorrect or defective vires 
shall be coated with clear Insulating compound per SCD 1006303. 

3*3*1* Examination of Wire. After the threading of every sixteen {L&) vire^, r 
the wires shall be examined for the following. 

3*3*1**1 Insulation. Insulation shall be Intact, except at the solder Joints, 
when examined under 10X magnification. Hicks, cuts, or scratches which do not 
expose bare wire shall not be cause for rejection. The cut ends of incorrect or 
defective vires shall be insulated per par 3.3*3* 
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3.4 Electrical. The following electrical requirement# shall apply. 

3.4.1 Functional Electrical Tests. Functional electrical tests shall be 
performed at the completion of the following manufacturing operations: 

A. Inhibit wiring 

B. Sense wiring 

C. Core holder potting 

D. Final assembly 

E. Final potting 

3.4.2 Continuity. Continuity tests shall be performed at the completion of 
sen'je wiring and at the completion of core holder potting. Inhibit wire runs 

shall exhibit 1.5 to 4*5 ohms and sense wire runs 3.5 to 12 ohms when measured with am 
appropriate ohmeter or Robotester Model LA 30303 or equivalent. 

3.4.3 Insulation Resistance. Insulation resistance tests shall be performed 
at the completion of sense wiring and at the completion of core holder potting. 

The insulation resistance between any one wire and all other wires shall be not 
less +-h«n IQ megotaas At 50 volts when measured with an appropriate ohmeter or 
equivalent. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Visual Examination. Visual examination shall be performed on 100^ of 
production on the soldering (par 3.2) and wire routing (par 3.3) requirements of 
this specification. 

4.2 Examination Testing. Examination testing shall be conducted on 100 
percent of production on the electrical requirements (par 3.4) of this specifica¬ 
tion. 

PREPARATION FOR DELIVERY 

5.1 Preservation fc Packaging. The rope memory module assembly shall be 
preserved and packaged in accordance with ND 1002214. 

6. NOTES 

6.1 Intended Use. The rope memory assemblies ( 2003053 ) are intended for 
use in the APOLLO Guidance Computer. 


(REV A) 
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3.4 Electrical. The following electrical requirements shall apply. 

3*4.1 Functional Electrical Tests. Functional electrical tests shall be 
performed at the completion of the following manufacturing operations: 

A. Inhibit wiring 

B. Sense wiring 

C. Core holder potting 

D. Final assembly 

E. Final potting 

3*4.2 Continuity. Continuity tests shall be performed at the completion of 
sense wiring and at the completion of core holder potting. Inhibit wire runs 
shall exhibit 1.5 to 4.5 ohms and sense wire runs 3.5 to 12 ohms when measured with an 
appropriate ohmeter or Robotester Model IA 30303 or equivalent. 

3*4.3 Insulation Resistance. Insulation resistance tests shall be performed 
at the completion of sense wiring and at the completion of core holder potting. 

The insulation resistance between any one wire and all other wires shall be not 
less than 10 megohms At 50 or 100 .volts when measured-with an Appropriate ohmeter 
ori eqtdlwklfent. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Visual Examination. Visual examination shall be performed on 100)1 of 
production on the soldering (par 3 * 2 ) and wire routing (par 3 * 3 ) requirements of 
this specification. 

4.2 Examination Testing. Examination testing shall be conducted on 100 
percent of production on the electrical requirements (par 3*4) of this specifica¬ 
tion • 

PREPARATION FOR DELIVERY 

5.1 Preservation A Packaging. The rope memory module assembly shall be 
preserved and packaged in accordance with ND 1002214. 

6. NOTES 

6.1 Intended Use. The rope memory assemblies (2003053) are Intended for 
use in the APOLLO Guidance Computer. 


(REV JL) 
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3.4 Electrical. Tte following electrical requirements shall apply. 

3.4.1 functional Electrical Tests. Functional electrical tests shall be 
performed at the completion of the following manufacturing operations: 

A. Inhibit wiring 

B. Sense wiring 

C. Core holder potting 

D. Final assembly 
I. Final potting 

3.4.2 Continuity. Continuity tests shall be performed at the completion of 
sense wiring and at the completion of core holder potting. Inhibit wire runs 
shall exhibit 1.3 to 4.3 ohms except for wire numbers 207, 211, 212, and 213 
which shall exhibit 3 to 5.5 ohms, and sense wire runs 3.5 to 12 ohms when 
measured with an appropriate ohmeter or Robotester Model IA 30303 or equivalent. 

3.4.3 Insulation Resistance. Insulation resistance tests shall be performed 
at the completion of sense wiring and at the completion of core holder potting. 
The insulation resistance between any one wire and all other wires shall be not 
less than 10 megohms at 30 or 100 volts when measured with a DITMCO 610 or 
Robotester or equivalent. 

4. QUALITY ASSURAICI PROVISIONS 

4.1 Visual Ixaalnatlon. Visual examination shall be performed on lOOJt of 
production on the soldering (par 3*2) and wire routing (par 3*3) requirements of 
this specification. 

4.2 Examination Testing. Examination testing shall be conducted on 100 
percent of production on the electrical requirements (par 3*4) of this specifica¬ 
tion. 

PREPARATION FOR DELIVERY 

3.1 Preservation A Packaging. The rope memory module assembly shall be 
preserved and packaged in accordance with ID 1002214. 

6. NOTES 

6.1 Intended Use. The rope memory assemblies (2OO3O53) are intended for 
use in the APOLLO Guidance Computer. 
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3.4 Electrical. The following electrical requirements shall apply. 

3.4.1 Functional ELectrlcal Tests. Functional electrical tests shall be 
performed at the completion of the following manufacturing operations: 

A. Inhibit wiring 

B. Sense wiring 

C. Core holder potting 

D. Final assembly 

E. Final potting 

3.4.2 Continuity. Continuity tests shall be performed at the completion of 
sense wiring and at the completion of core holder potting. Inhibit wire runs 
shall exhibit 1.5 to 4.5 ohms except for wire numbers 207 , 211, 212, and 213 
which shall exhibit 3 to 5.5 ohms, and sense wire runs 3.5 to 12 ohms when 
measured with an appropriate ohmeter or Robotester Model LA 3Q3Q3 or equivalent. 

3.4.3 Insulation Resistance. Insulation resistance tests shall be performed 
at the completion of sense wiring and at the completion of core holder potting. 
The Insulation resistance between any one wire and all other wires shall be not 
less than 10 megohms at 50 or 100 volts when measured with a DnMCO 610 or 
Robotester or equivalent. 

4. QUALITY ASSURANCE FR0VI8I0N8 

4.1 Visual Examination. Visual examination shall be performed on 100^ of 
production on the soldering (par 3.2) and wire routing (par 3.3) requirements of 
this specification. 

4.2 Examination Testing. Ecaminatlon testing shall be conducted on 100 
percent of production on the electrical requirements (par 3.4) of this specifica¬ 
tion. 

PREPARATION FOR DELIVERY 

5.1 Preservation 4 Packaging. The rope memory module assembly shall be 
preserved and packaged In accordance with ED 1002214. 

6 . NOTES 

6.1 Intended Use. The rope mem o r y assemblies (2003053)* (2008972) are 
intended for use in the APOLLO Nuidance Computer. 
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PROCESS REQUIRBIENTB 


CONTROL AID INSPECTION Of 
BOPS MEMORY ASSEMBLIES 

1. SCOPS 

1.1 Scope. This document establishes the process requirements for 
control and inspection in the fabrication of rope memory assemblies (Dug 2003053) 
to be used in the APOLLO Guidance Computer. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the 
extent specified herein. 

CRAVINGS 

' NASA - " 

2003053 Fixed M e m o r y Module Assembly , 

BCD 10063Q3 Insulating Compound, Electrical, 

Quick Drying 

SPECIFICATIONS 
NASA • 

HD 1002071 Soldering, General 

ID 1002214 Specification for preservation and 

Packaging of ACS Assemblies and 
* Sub-Assemblies 

3 . REQUIBSfENTB 

3.1 Unless otherwise specified, a preproduction sample shall meet all 
the requirements of this specification. 

3.2 Soldering. Soldering shall be in accordance with ID 1002071 except 

stripping of the leads shall be by abrasion and shall be limited to the use of 

fiberglass. Stripped leads to be soldered shall be clean, and 2 to k turns of 
bare wire plus 3A to 1 l/2 turns of insulated wire shall be securely wrapped. 

In addition, a stress release loop shall be formed per Figure 1. 






o 



of Inhibit and sense vires. 

3.3.1 t Crossing Core Openings. As little slack as possible shall be Maintained 
without the inhibit vires or sense vires crossing any care openings. 

. ■■ ! 

3*3.2 - Total Vires. The —nuaber of inhibit and sense vires. Including 
incorrect vires, shall not exceed that nuaber which would cause a Mechanical 
interference thru the core openings i.e. blocking of the core opening which 
would prevent threading of any nore wire thru the core. . 

3.3.3 Incorrect or Defective Vires. After threading. Incorrect or defective 
vires shall not be removed. The cut or broken ends of incorrect or defective vires 
shall be coated with clear insulating compound per SCD IOO 6303 . 

3.3.A Examination of Vire. After the threading of every eight ( 8 ) vires, 
the vires shall be examined for the following. 


3.3.^.1 Insulation. Insulation shall be Intact, except at the solder Joints, ■ 

when examined under 10 K magnification. Vicks, cuts, or scratches which do not 
expose bare vire shall not be cause for rejection. The cut ends of incorrect or 
defective vires shall be Insulated per par 3«3*3« 

I ■ ‘ '■ ' ‘ . 

I . ‘ ' i * 

I ’ : • 
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3.1* Electrical• The following electrical requirement* shall apply. 

3 .4.1 Functional Electrical Tests. Functional electrical tests shall he 
performed at the completion of the following manufacturing operations: 

A. Inhibit wiring 

B. Sense wiring 

C. Core holder potting 

D. Final assembly 

. E. Final potting 

3.4.2 Continuity. Continuity tests shall he performed at the completion of 
sense wiring and at the completion of core holder potting. Inhibit wire runs 
shall exhibit 2 to 5 ohms and sense wire runs 2 to 10 ohms when measured with an 
appropriate ohmeter or Robotester Model LA 303 Q 3 or equivalent. 

3.4.3 Insulation Resistance. Insulation resistance tests shall be performed 
at the completion of sense wiring and at the completion of core holder potting. 
The insulation resistance between any one wire and all other wires shall be not 
less than 5 megohms at 100 volts when measured with an appropriate ohmeter or 
equivalent. 

4. . QUALITY ASSURANCE PROVISIONS 

4.1 Visual Examination. Visual examination shall be performed on 100j^ of 
production on the soldering (par 3.2) and wire routing (par 3*3) requirements of 
this specification. 

4.2 Examination Testing. Examination testing shall be conducted on 100 

percent of production on the electrical requirements (par 3*4) of this specifica* 
tion. . . ■ ■. . 

PREPARATION FOR DELIVERY . 

5.1 Preservation A Packaging. The rope memory module assembly shall be 
preserved and packaged in accordance with HD 1002214. 

6. . NOTES 

6.1 Intended Use. The rope memory assemblies (20Q3053) are intended far 
use in the APOLLO Guidance Computer. 





APOLLO eaN 8f»cifl**ioft 
ND 1002288 - 
Original Ittua Oata: 

Rattato Authority; TDRR 

Clots Roltata 


^PROCESS SPECIFICATION 
♦FOR 

MOLDING WITH POLYURETHANE FOAM 


Rotor8 of Revisions 






















APOLLO G6N Specification 
ND 1002288 


3.7.3 Prepare and mix a sufficient amount of foam ingredients 
(resin and hardner) per paragraph 3.5, to fill the mold 
cavity. 

3.7.4 Immediately pour or inject the mixed foam into the mold 
cavity preheated to 95°F (35°C). 

3.7.5 Cure the foam by one of the following methods: 

3.7.5.1 Allowthe foam to cure undisturbed in its mold for 
a minimum of 16 hours at room temperature. 

3.7.5.2 Allow the foam to cure undisturbed in its mold for 
a minimum of one hour at room temperature, followed 
by an oven cure at 180° ♦ 20°F for a minimum of two 
(2) hours. Allow oven-cured parts to cool to room 
temperature, before removing from mold. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Inspection V 

4.1.1 All parts fabricated per this specification shall be 
100 % inspected with the unaided eye. 

4.1.2 The color of the cured foam shall be in accordance 
with the applicable SCD. The skin surfaces shall 
be lusterless to semi-gloss. 

4.1.3 The parts shall be uniform in texture and mechanical 
properties. They shall be free from lumps and coarse 
particles. There shall be no accumulation of unblown 
or uncured resin nor any inclusion of foreign,matter. 
The parts shall be free from defects that might affect 
serviceability. 

4.1.4 Parts shall meet all dimensional requirements specified 
on the applicable detail drawing when measured in the 
mold or in a restrained position. 

5. PREPARATION FOR DELIVERY 

None 

6 . NOTES 


6.1 Shelf Life 




APOLLO GSN Specification 
ND 1002286 



6.1*1 The open container shelf life of the Materials 
can be extended by purging the materials with 
anhydrous nitrogen prior to being re-sealed. £ 









APOLLO GW Specification 
ND1002289 A 

Original Issue Date: *4 JA*S 
Release Authority: TDRR 2 
Class A Release 
CODE IDENT. NO. 99974 


PROCESS SPECIFICATION 
LOW EMISSIVITY COATING 


Record of Revisions 


Date 

Revision 

Letter 

TDRR 

No. 

Pages 

Revised 

Approvals I 

MIT 

NASA 

6/1/66 

A 

29194 


MGM 

— 
























































This specification consists of page 1 to 6 inclusive. 


APPROVALS 


P, JVlL l /GEU 


NASA/MSC 

EEUMHMHi 


ACSP 


1 














APOLLO G&N Specification 
ND1002289 A 


1. SCOPE 

1.1 PURPOSE. This specification describes the process for the formulation and applica¬ 
tion of a low emissivity coating to anodized aluminum and magnesium. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification 
shall be designated as ND1002289*-001. This shall include all requirements specified in 
Sections 1 through 6 of this specification. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to 
the extent specified herein. Unless otherwise specified, Military Standards and Specifi¬ 
cations shall be the issue in effect on the date of request for proposal or invitation to bid. 


SPECIFICATIONS 


Federal 

fJB-F-671 

TT-M-261 

TT-P-320 

TT-T-548 

DRAWINGS 

NASA 

1010657 

1010686 

1010992 

PUBLICATIONS 

NASA 

NPC 200-2 


Freon Gas, Compressed (Chlorofluoro Hydro-carbons) 

Methyl Ethyl Ketone 

Pigment, Aluminum, for Paint 

Tbluene, Technical 


Epoxy Resin (Clear) 
Catalyst 

Epoxy Primer Coating 


NASA Quality Publication, ^lality Program for 
Space System Contractors 
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3.4 APPLICATION. The following technique shall be used to obtain the desired coating: 

a. The method of application shall be by spray only, as this system does not lend 
itself to brushing. 

b. Application pressure shall be 40±5 psi. Excessive spray pressure results in 
balling up of the aluminum flake and prevents leafing. 

c. A minimum dry film thickness of 0.0015" is required to obtain the required 
emissivity. 

d. Continuous agitation during spray is required to keep the pigment well dispersed. 

e. Hie finish shall be applied in multiple coats, allowing 20 minutes minimum flash- 
off time between coats. 

f. Care shall be exercised during and after the application of the finish to prevent 
dirt, dust, and other particles from contaminating the surface. This finish is 
highly susceptible to fingerprinting, smudging, etc., and finished parts shall 
therefore be handled using finger cots and other protective handling devices. 

3.5 CUBE. The applied coating shall be air dried for 30 minutes minimum. To ensure 
that optimum properties of the finish are obtained, the air-dried coating shall be followed 
by a force cure of 2 hours minimum at 150°F. 


3.6 WORKMANSHIP. The coating shall be smooth, bright and uniform in appearance, 
free from sags, voids or other irregularities which would affect the emissivity. The 
coating shall show no signs of balling or delamination which would result in a rough matte 
finish rather than a bright shiny one. The coating shall be free of included dust or other 
particles which would affect the emissivity. 
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3.4 APPLICATION. The following technique shall be used to obtain the desired coating: 

a. The method of application shall be by spray only, as this system does not lend 
itself to brushing. 

b. Application pressure shall be 4Q±5 psi. Excessive spray pressure results in 
balling up of the aluminum flake and prevents leafing. 

c. A minimum dry film thickness of 0.0015" is required to obtain the required 
emissivity. 

d. Continuous agitation .taring spray Is required to keep the pigment well dispersed. 

e. The finish shall be applied In multiple coats, allowing 20 minutes minimum flash- 
off time between coats. 

f. Care shall be exercised during and after the application of the finish to prevent 
dirt, dust, and other particles from contaminating the surface. This finish is 
highly susceptible to fingerprinting, smudging, etc., and finished parts shall 
therefore be handled using finger cots and other protective handling devices. 

3.5 CURE. The applied coating shall be air dried for 30 minutes minimum. To ensure 
that optimum properties of the finish are obtained, the air-dried coating shall be followed 
by a force cure of 2 hours minimum at 150*F. 


D i amaged ° r l * re areas 8haU be,touched-up by spray or other sultahle 
means of application in accordance with all requirements of this specification. . 

S.T WORKMANSHIP.. The coating shall be smooth, bright and uniform In appearance, 
free from sags, voids or other irregularities which would affect the emissivity. The coatirn 
shall show no signs of balling or delaminaUon which would result In a rough matte finish 
rather than a bright shiny one. The coating shall be free of included dust or other particles 
which would affect the emissivity. 
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d. Parts shall be cured in accordance with the tallowing (Mire schedule: 

. (1) The area repaired shall be cured 30 hrs min at 135* ± 5 # F. 

3.7 WORKMANSHIP. The coating shall be smooth, bright and uniform in appearance, 
free from sags, voids or other irregularities which would affect the emissivity. The coating 
shall show no signs of balling or delamination which would result in a rough matte finish 
rather than a bright shiny one. The coating shall be free of included dust or other particles 
which would affect the emissivity. 
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d. Parts shall be cured in accordance with the following cure schedule: 

(1) The area repaired shall be cured 30 hrs min at 135* *6*F. 

3.7 TOUCH-UP AT FIELD SITES ONLY 

a. Clean the area to be repaired with Isopropyl alcohol, distilled w a ter, a n o eo n # 
alcohol rinse, and a final Freon T. F. rinse. 

b. Mix the paint as follows: 

1010657 - Epoxy Resin - 6 PBW 
1010686 - Catalyst - 4 PBW 

TT-P-320 - Type I, a ass A Aluminum Flakes *- 1 PBW 

The resin, catalyst, and aluminum shall be thoroughly mixed and then brushed 
on the appropriate areas. 

o. Parts shall be cured at room temperature. 

3.8 WORKMANSHIP. The ooatlng shall be smooth, bright and uniform In appearance, free 
from sags, voids or other Irregularities which would affect the emlsslvity. The ooatlng shall 
show no signs of balling or delamination which would result in a rough matte finimh rather 
than a bright shiny one. The coating shall be free of Included dust or other particles which 
would affect the emlsslvity. 
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1. SCOPE 

1.1 PURPOSE. This specification describes the process for the formulation and toPlica- 
tion of a lav Smis«vtty*eoeting*e an a diied atomtuamasd magnesium. 

1.2 CLASSIFICATION. The reqniramanta far the p r o o aaa oorared by this spe c ification 
shall be designated ss ND1002289-001. 9b shall include all requirements specified in 
Sections 1 through S of this specification. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following doonmeats farm a part erf this specification to 
the extent specified herein. Unless otherwise specified. Military Standards and Specifl- 
cationi ehe» be the issue in affect on the date of request lor proposal or invitation to bid. 

SPECIFICATIONS * " 

Federal 

BB-F-671 Freon Gas, Compre ss e d (Chlorofhioro Hydio-carbone) 

TT-M-261 Methyl Ethyl Mens 

TT-P-820 Pigment, Ateminum, for Paint 

TT-T-648 Toluene, Teehnloal • 

DRAWINGS 
KASA *■: 

1010667 Epoxy Resin (Clear) 

1010666 Catalyst 

PUBLICATX)N8 
NASA 

NASA Quality Publication, Quality Program lor 1 
8paoe System Contractors 


NPC 200-2 
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(Copies of speefileatioas, standards, drawings, bulletins, and publications required 
, by suppliers in connection with spaciflo prosarsmaat fanatinna should ba obtained 
from tbs procuring activity or aa directed by tba co ntra ct i ng offtoor.) 

1.8 CONFLICTING REQUIREMENTS. b twat of a aanfllot betw ee n requirements, tba 
following ordar of precedenee shall applji Tba oentraetor shall also notify MIT/IL 
APOLLO Management of tba oonfliot. 

a. Tba oontraot 

b. This specification 
a. Documents llatad la this section 

• * f 

" ' - ‘ . f'' ^ ' l ‘ ' “ill- ; ’ s '*l - 
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8. PROCEDURE 

8.1 SURFACE PREPARATION. Where surface conta min a t i o n is inherent in the 
fabrication of the part or assembly, the contaminants shall be removed with a solvent 
or cleaning agent which is compatible with the surface to be coated. Preferred solvent 
and cleaner materials are methyl ethyl ketone, per Specification TT-M-261 or Freon 
TF per Specification BB-F-671. Care shall be exercised in the h a ndlin g of cleaned 
parts to prevent subsequent surface contamination due to fingerprints, oils, greases, 
release agents, moisture, dust or other foreign material which would affect the adherence 
or appearance of die coating. 

3.2 MATERIAL. The coating system shall consist of a 2 component epoxy system 
conforming to the requirements of Drawings 1010657 and 1010686. to which aluminum 
flake conforming to Specification TT-P-320 Type I, Class A has been added. 

3.8 MIXING. The coating shall be mixed in accordance with the following formula: 

Ratio By Weight 

1010657 Eccobond 45 dear ■ 3 parts 

1010686 Eccobond Catalyst 15 ■ 2 parts 

TT-T-548 Tbluene • 15 parts 

TT-P-320 Type I,Class A Aluminum Flake - 4 parts 

The resin and catalyst shall be thoroughly mixed by themselves. This mixture is t hinne d 
by the addition of toluene. The aluminum flaks shall be added to the t hinne d epoxy system 
in small increments with continuous stirring. After all materials have been combined, 
the mixture shall be thoroughly agitated to ensure oomplete wetting and uniform dispersion 
of the aluminum flake. 

3.3.1 Pot Life. The pot life of the mixed system shall be 2 hours maximum at room 
temperature. 

3.4 APPLICATION. - The following technique shall be used to obtain the desired coating: 

a. The method of application shall be by spray only, as this system does net lend 
Itself to brushing, 

b. Anplicatioa pressure shall be 40*5 psl, Excessive spray pressure results la 
hailing up of the aluminum flake and prevents leafing* 


o. A minimum dry film thickness of 0.0015” is required to obtain the required 
emissivity. 
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d. Contiiaioiia station daring epraj In required te keep the pigment well dUpereed. 

The finieh ehall be applied in multiple ooate, allowing .10 misntee mintmem fiaah- 
off time between ooata. 

I. Care ahaU be MW idM*d e ring en d JHwtlbe pp pkwite »lte fi e l ah b | p coea elilTf , 

doet, and other partieiee from contaminating the eurfaoe. 

3.5 CURE. The applied ooating ehall be air dried for 30 mlnutee m inimum , lb eneoxe 
fiiy* optimum propertiee of the finieh are obtained, the air-dried ooa t i n g ehall be followed 
by a foroe core of 2 hoore minimum at 150*F. 

3.6 WORKMANSHIP. The coating ehall be entooth, bright and uniform in appearance, 
free from eage. roide or other lrrefalnittiee which would effect te emieeivity. The 
ooatte ehall show no eigne of balling or delanlnatAon which would reenlt in a rough matte 
finieh rater ten a bright ehiey one. The coating ehall be free of included diet or 
partieiee which would effect te emieeirity. 
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4. quality assurance provroonb 


■ * *' f 

. .*. ■> 


4.1 PR0GE8B AND QUALITY CONTROL* Til* prooaaaor shall maintain aaffldaiit prooas* 
and qoality control 1* asaara that tha roquiromanta of thla apootfioation as* mat la aooordaaoa 
with tha prorlaioaa of Publication MPC SOO-S. 

ft. PREPARATVN VOS DELIVERY* - Thla aaattan la nat applicable la thla apaolflaation* 
ft. MOTES 


ft.l INTENDED TOE. - Thla apao l float l a* la 
finiah to tharmal oontrol an rfa aa a . 


far naa In applying a law amlaatvltp 
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1. SCOPE 

1.1 PURPOSE. This specification defines the criteria for evacuation, fill, and acceptable 
leak rate of sealed airborne electronic assemblies designed to withstand APOLLO environment. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification 
shall be classified as follows. Unless identified by the respective type, all requirements 
of this specification are applicable to all types. 

a. Type I: The requirements for ND1002290 Type I shall be: 

(1) Maximum pressure differential across header: 18.0 psla. 

(2) Leak rate after sealing: See Table IL / - 

(8) Sealed header Internal pressure* If. 8 to'16.9 psla. 

(4) Fill gas r 100 percent helium, teat, evacuate, fill to 10*1 percent helium, balance nitrogen. 

b. Type IL The requirements for ND1002290 Type II shall be: 

(1) Maximum pressure differential across header: 8 psla 

(2) Leak rate after sealing: lxl 0“5 gtd cc/sec of helium 

(3) Sealed header internal pressure: 7 to 8 psla 

(4) Fill gas: 10±1 percent helium, balance of nitrogen 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified, Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to h*d . 

SPECIFICATIONS 

Federal 

BB-N-411 Nitrogen, Technical Type I, Grade A 

DRAWINGS 

APOLLO GW 

2021560 Helium, High Purity 

(Copies of specifications, standards, drawings, bulletins, and publications required 
by suppliers in connection with specific procurement functions should be obtained 
from the procuring activity or as directed by the contracting officer.) 


L. 


Li 
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3. REQUIREMENTS 

3.1 GENERAL. The gas fill and leak rate check shall be performed after completion of all 
testing and prior to shipping. 

3.2 TEST CONDITIONS. The gas fill and leak rate check shall be performed under the 
following conditions; 

3.2.1 Test Environment 

a. Ambient Temperature: 72*F±10*F 

b. Relative Humidity: 90% max 

e. Barometric Pressure: 28 to 32 Inches of Hg 

3.3 FILL GAS PURITY 

a. Nitrogen shall conform to the requirements of Specification BB-N-411, Type I, Grads A 

b. Helium shall conform to the requirements of Drawing 2021560. 

3.4 HEADER PRESSURIZATION 

3.4.1 Type I 

3.4.1.1 Evacuation. Evacuate the assembly to one of the pressures noted In Table I using the 
appropriate procedure noted In Table L 

3.4.1.2 Pressurization. Pressurise the assembly with 100 percent helium conforming to 
Drawing 2021560. Seal the assembly at 13.5 psia to 15.0 psia. 

3.4.1.3 Preliminary Leak Rate Test. Immediately following the header pressurization a 
preli m ina r y leak rate test shall be performed using a helium "sniffing" technique for detection 
of a leak large enough to cause the loss of the header gas fill prior to the final leak rate test. 

3.4.1.4 Vacuum Chamber Pressure. The header shall be mounted in a vacuum chamber 
and the chamber pressure reduced to and maintained at less than 2x10mm Hg for 15 
minutes minimum prior to the final leak rate test. 

3.4.1.5 Leak Rate. The leak rate shall not exceed the values noted In Table II with the 
header pressurized as specified in 3.4.1.2. 

I , L- 

3.4.1.6 After fin a l leak rate test evacuate assembly to a pressure of 1000 microns and then 
pressurize with a mixture consisting of 10±1 percent helium conforming to Drawing 2021560 
and the balance nitrogen per Specification BB-N-411. Seal the assembly at 13.5 to 15.0 peia 
connected to 29.92 In Hg barometric pressure at 68*F. Install sealing cap on pressure valve. 
Use a helium "sniffing" technique to verify the pressure valve Is sealed. 
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3.4.2 Typen 

3.4.2.1 Evacuation. Evacuate the assembly to a pressure of 5xl0” 2 mm of Hg (50 microns) 
or less and maintain in this condition for a minimum of 5 minutes. The Header shall not be 
exposed to a pressure differential greater than 8 peia. 


TABLE I 

MINIMUM ALLOWABLE EVACUATION PRESSURE VS PROCEDURE 


EVACUATION PRESSURE 
(MICRONS) 

PROCEDURE 

1000 

Evacuate to 1000 microns and backfill 
with 100% nitrogen 2 times. Perform a 
third evacuation maintaining the indicated 
pressure for a minimum of 5 minutes. 
Pressurize per 3.4.1.2 

500 

Evacuate to 500 microns and backfill 
with 100% nitrogen. Perform a second 
evacuation maintaining the indicated 
pressure for a minimum of 5 minutes. 
Pressurize per 3.4.1.2 

250 

Evacuate to the pressure indicated 
maintaining pressure for a minimum, 
of 5 minutes. Pressurize per 3.4.1.2. 


TABLE H 
LEAKAGE RATES 
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3.4.2.2 Pressurization. Pressurize the header with a mixture consisting of 10±1 percent 
helium and the balance Nitrogen. The assembly shall be sealed at 7.5*0.5 psia corrected 
to 29.92 in Hg and 68*F. Install sealing cap on pressure valve prior to leak checking. 

3.4.2.3 Preliminary Leak Rate Test. Immediately following the header pressurization a 
preliminary leak rate test shall be performed using a helium "sniffing" technique for detec¬ 
tion of a leak large enough to cause loss of the header fill gas prior to the final leak rate 
test. 


3.4.2.4 Vacuum Chamber Pressure. Tbe header shall be mounted in a vacuum chamber 
and the chamber pressure reduced to and maintained at less than 2x10” 5 mm of Hg for 15 
minutes minimum prior to the final leak rate test. 

3.4.2.5 Leak Rate. Hie leak rate shall not exceed 1x10”® std co/sec based on 100 percent 
helium fill, with the header pressurized as specified in 3.4.2.2. 

3.5 PRIOR COMPLIANCE. Prior to evacuation and filling the header assembly shall have 
met the requirements of the applicable procurement specification. 

3.6 TEST FAILURE 

3.6.1 Failure Criteria. Failure to meet the requirements of this specification shall 
constitute failure of the assembly. 


6 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 LEAK CHECK. When tested, using suitable equipment, the assembly shall meet 
the requirements of this specification. 

5. PREPARATION FOR DELIVERY. Tliis section is not applicable to this specification. 

6. NOTES. None. 


WS:efo 
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1. SCOPE 

1» ^ PURPOSE. This specification defines the criteria for evacuation, fill, and acceptable leak 
rate of sealed airborne electronic assemblies designed to withstand APOLLO environment. 

1.2 CLASSIFICATION. The requirements for the process cove: ed by this specification shall 
be classified as follows. Unless identified by the respective type, all requirements of this 
specification are applicable to all types. 

a. Type I-a: The requirements for ND1002290, Type I-a shall be: 

(1) Maximum pressure differential across header: 15.0 psia. 

(2) Leak rate after sealing: See Table n 

(3) Sealed header internal pressure: 13.5 to 15.0 psia 

(4) Fill gas: 100 percent helium, test, evacuate, fill to 10*1 percent helium, 
balance nitrogen. 

b. Type I-b: The requirements for ND1002290, Type I-b shall be: 

(1) Maximum pressure differential across header: 15.0 psia 

(2) Leak rate after sealing: See Table m 

(3) Sealed header internal pressure: 13.5 to 15.0 psia 

(4) Fill gas: 100 percent nitrogen 

e. Type II: The requirements for ND1002290, Type n shall be: 

(1) Maximum pressure differential across header: 8 psia 

(2) Leak rate after sealing: 1 x 10“ 5 std cc/sec of helium 

(3) Sealed header internal pressure: 7 to 8 psia 

(4) Fill gas: 10* 1 percent helium, balance of nitrogen 

1.2.1 Existing Drawings. When a process designation is specified as ND1002290, Type I on 
the existing drawings, this shall be construed as meaning ND1002290, Type I-A for all testily 
except field site testing. For field site testing, ND1002290 Tyne i-a 0 r Type I-b may be used. 
(Field site shall be construed as any site other than the place of m&nufrcturing.) 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS iif 

Federal 

BB-N-411 Nitrogen, Technical Type I, Grade A 
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3.4.1.8 After final leak rate teat eradiate assembly to a pressure of 1000 microns and then 
pressurise with a mixture consisting of 10*1 percent helium conforming to Drawl2021560 
and the balance nitrogen per Specification BR-N-411. Seal the assembly at 13.5 to 15.0 psla 
oorrected to 29.92 in Hg barometric pressure at 68*F. Install sealii* cap on pressure ralre. 
Use a helium "sniffing" technique to verify the pressure ralre is sealed. 

2.4.2. Type I-h * 

3.4.3.1 Eradiation. Eracuate the assembly to one of the pressures noted in Table I using 
flie proper procedure noted in Table I except that final pressurization will be per 3.4.2.2. 

3.4.2.2 Pressurization. Pressurize the assembly with 100 percent nitrogen conforming to 
Specification BB-N-411. Seal the assembly to 13.0 pslg to 15.0 pslg. 

3.4.2.3 Leak Rate. The leak rate shall not exceed raluee noted in Table m with the assembly 
pressurized as specified in 3.4.2.2. 

3.4. 2. 4 Final Seal. After the leak test, adjust the assembly pressure to between 13.5 psia 
to 15.0 psla with 100 percent nitrogen as specified In 3.4.2.2 and install the sealing cap. 
Correct pressure to 29.92 in Hg barometric pressure at 6S*F. 

3.4.3 lypen 

3.4.3.1 Evaluation. Evacuate the assembly to a pressure of 5x 10 _2 mm of Hg (50 microns) 
or less and maintain in this condition for a minimum of 5 minutes. The Header shall not be 
exposed to a pressure differential greater than 8 psia. 

3.4.3.2 Pressurization. Pressurize the header with a mixture consistii* of 10*1 percent 
helium and the balance nitrogen. The assembly shall be sealed at 7.5*0.5 psia oorreoted to 
29.92 in Hg and 68*F. Install sealing cap on pressure valve prior to leak oheckli*. 

3.4.3.3 Preliminary Leak Rate Test. Immediately followli* the heaoer pressurization a 
preliminary leak rate test shall be performed using a helipm "sniffing" technique for 

of a leak large enough to cause loss of the header fill gas prior to the final leak rate test. 

3.4.3.4 Vacuum Chamber Pressure. The header shall be mounted in a vacuum chamber and 
the cha m b er pressure reduced to and maintained at less than 2xl9~*mm of Hg for 15 minutes 
minimum prior to the final leak rate test. 

3.4.3.5 Leak Rate. The leak rate shall not exceed lxlo~ 5 std oc/sec based on 100 percent 
helium fill, with the header pressurized as specified in 3.4.3.2. 

3.5 PRIOR COMPLIANCE. Prior to evacuation and fllling t the header assembly have 
met the requirements of the appiloable procurement specification. 

3.8 TEST FAILURE 

3.6.1 Failure Criteria. Failure to meet the requirements of this specification «h«ii oonslstute 
failure of the assembly. 
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1. SCOPE 

1.1 PURPOSE. Thin specification defines the criteria for evacuation, fill, and acceptable 
leak rate of sealed airborne electronic assemblies designed to withstand APOLLO environment. 

1.2 CLASSIFICATION. The requirements for the process oovered by this specification 
shall be classified as follows. Unless identified by the respective type, all requirements 
of this specification are applicable to all types. 

a. Type L* The requirements for ND1002290 Type I shall be: 

(1) Maximum pressure differential across header: 17.5 psia 

(2) Leak rate after sealing: 2x10“ 5 std cc/second of helium. 

(3) Sealed header internal pressure: 16 to 17.5 psia. 

(4) Fill gas: 10ml percent helium, balanoe of nitrogen. 

b. Type II: The requirements for ND1002290 Type n shall be: 

(1) Maximum pressure differential across header: 8 psia 

(2) Leak rate after sealing: lxlO -5 std cc/sec of helium 

(3) Sealed header internal pressure: 7 to 8 psia 

(4) Fill gas: 10ml peroent helium, balanoe of nitrogen 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

Federal 

BB-N-411 Nitrogen, Technical Type I, Grads A 

DRAWINGS 

APOLLO GAN 

2021560 Helium, High Purity 

(Copies of specifications, standards, drawings, bulletins, and publications required 
by suppliers in connection with specific procurement functions should be obtained 
from the procuring activity or as directed by the contracting officer.) 
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3. REQUIREMENTS 

3.1 GENERAL. The gss fUl snd leak rate check shsll be performed sfter completion of .11 
testing and prior to shipping. 

8.2 TEST CONDITIONS. The gas fill and leak rate check shall be performed under the 
following conditions: 

3.2.1 Test Environment 

a. Ambient Temperature: 72*F ±10*F 

b. Relative Humidity: 90% max 

o. Barometric Pressure: 28 to 32 inches of Hg 

3.3 FILL GAS PURITY 

a» Nitrogen shall conform to the requirements of ^peelfldatlpn . Jyp* I» Onto A 

b. Helium shall conform to the requirements of Drawing 2021560. 

3.4 HEADER PRESSURIZATION 

3.4.1 Type I 

8.4.1.1 Evacuation. Evacuate the assembly to a presmire of 8 * 10 2 mm of Hg (50 microns) 
or less and maintain in this condition for a minimum of 5 minutes. 

3.4.1.2 Pressurization. Pressurize the nsonbly with a mixta. oo-Utingof 10*1 per cent 

helium w Crawta lO 21 ** 0 wd the balanoe Nitrogen per Speoification BB-N-411. 

Lid the assembly*! 16 pein to 17. S paia corrected to 29.92 in Hg barometric pressure at 68 F. 
Install sealing cap on pressure valve prior to leak ch e c k i n g. 

3.4.1.3 Preliminary Leak Rate Teat, tame diately following the header preaeurlztaon it 
preliminary leak rate teat .hall be performed using a helium "sniffing-technique for detection 
of a leak large enough to cause the loss of the header gas fill prior to the final leak rate test. 

3.4.1.4 Vacuum Chamber Pressure. The header shall be mounted In a vacuum chamber 
and the ohamber pressure reduced to and m aint ai n ed at less than 2x10 mm Hg 
minutes minimum prior to the final leak rate test. 

3.4.1.5 Leak Rate. The leak rate shall not exceed 2xl0‘ 6 std oc/sec based on 100 percent 
helium fill with the header pressurised as specified in 3.4.12. 

3.4.2 Type II 

3.4.2.1 Evacuation. Evacuate the assembly to a pressure of 5xl<T 2 mm of Hg (50 microns) 
or less and maintain in this condition for a minimum of 5 minutes. The Header shall not be 
exposed to a pressure differential greater than 8 psia. 
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3.4.2.2 Pressurization. Pressurize the header with a mixture consisting of 10*1 percent 
helium and the balance Nitrogen. The assembly shall be sealed at 7.5*0.5 psia corrected 
to 29.92 in Hg and 68*F. Install sealing cqp on pressure valve prior to leak checking. 

3.4.2.3 Preliminary Leak Rate Test. Immediately following the header pressurization a 
preliminary leak rate test shall be performed using a helium "sniffing" technique for detec¬ 
tion of a leak large enough to cause loss of the header fill gas prior to the final leak rate 
test. 

3.4.2.4 Vacuum Chamber Pressure. The header shall be mounted in a vacuum chamber 
and the chamber pressure reduced to and maintained at less than 2x10“ 5 mm of Hg for 15 
minutes minimum prior to the final leak rate test. 

3.4.2.5 Leak Rate. The leak rate shall not exceed 1x10“® std oo/seo based on 100 peroeut 
helium fill, with the header pressurized as specified in 3.4.2.2. 

3.5 PRIOR COMPLIANCE. Prior to evacuation and filling the header assembly shall have 
met the requirements of the applicable procurement specification. 

3.6 TEST FAILURE 

3.6.1 Failure Criteria. Failure to meet the requirements of this specification shall 
constitute failure of the assembly. 
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1 . SCOPE 

1.1 PURPOSE. This specification describes the process for the application of a corrosion- 
resistant finish to metallic substrates. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification shall be 
designated as ND1002291-001. This shall include all requirements specified in Sections 1 through 
6 of this specification. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the issue to effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

Federal 

TT-M-261 

O-T-634 

TT-N-95 

TT-X-916 

TT-T-548 

Military 

MIL-P-8585 Primer Coating, Low Moisture Sensitivity 

DRAWINGS 
NASA 

1012543 Coating Kit, Light Diffusing 


Methyl Ethyl Ketoae 
Trichloroethylene, Technical, 
Naphtha, Aliphatic 
Zylene (for use in organic coatings) 
Toluene (for use in organic coatings) 
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3. PROCEDURE 

3.1 MATERIAL. The coatings used shall be a zinc chromate primer in accordance with 
Specification MIL-P-8585 and a gray enamel topcoat (two component polyester system) in 
accordance with Drawing 1012543-003. 

3.2 PROCESS 

3 .2.1 Cleaning. All surfaces to be coated shall be thoroughly solvent-cleaned to remove 
contamination. Solvents used shall be trichloroethylene in accordance with Specification 
O-T-634 Type I or II and methyl ethyl ketone in accordance with Specification TT-M-261. 

Piece parts shall be cleaned by vapor degreasing in trichloroethylene followed by scrubbing 
with methyl ethyl ketone. Assemblies shall be cleaned by wiping with tissue paper moistened 
with solvent. Trichloroethylene shall be used first followed by methyl ethyl ketone. Solvent 
cleaning shall be repeated as necessary, using fresh solvent and tissue paper, to achieve a 
surface capable of passing the water-break test of 3.2.1.2; however, if repeated cleaning 
(not less than four times in each solvent) fails to yield a water-break-free surface, the primer 
wetting test of 3.2.1.3 shall be used. In addition to the above cleaning procedure, surfaces 
which have received pretreatment (chemical film or anodize) shall be washed with distilled 

or deionized water to remove water soluble soils followed by a wash with methyl ethyl ketone 
to dry the surfaces. Water shall not be allowed to remain on surfaces longer than necessary 
for adequate cleaning. 

3.2.1.1 Caution. Caution shall be exercised when using the tissue paper cleaning method 
on equipment to insure that excess solvent is not used. Running or dripping of solvent on 
equipment shall be avoided. 

3.2.1.2 Water-break Test Procedure. Representative areas of the cleaned surface shall be 
tested for ability to support an unbroken film of distilled water by applying a few drops to the 
surface and observing if the surface is wetted when the water is moved with a metal or glass probe. 

3.2.1.3 Alternate Primer Wetting Test. Zinc chromate primer, thinned in accordance with 
this specification, shall be brushed on representative areas of the cleaned surface. Visual 
examination of the drying film shall be performed to determine freedom from areas not wetted 
by primer as evidenced by crawling in the film, fish eyes, or holidays. The primer shall be 
removed with toluene-moistened tissue paper before proceeding* 

3.2.1.4 Location. Cleaning shall be performed in a well-ventilated area such as in a fume 
hood or in front of an exhausting paint spray booth. Rubber gloves shall be used. 

3.2.2 Masking. All tapped-and through-holes shall be plugged prior te painting. Masking of 
other areas designated to be free of the coating shall be accomplished with masking tape oi 
a type suitable for baking. The masking tape shall be applied and trimmed as necessary to 
produce an even edge in conformance with the dimensional requirements of the masked area. 

All materials selected for masking shall be capable of withstanding a temperature of +140 # F. 

Gloves shall be used while masking to insure that cleaned surfaces remain uncontaminated. 
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3.2.3 Priming 

3.2.3.1 Primer. Zinc chromate primer shall be be thoroughly mixed In the original oontalner 
to assure admixture of the Ingredients. The mixed primer shall be thinned with toluene In 
accordance with Specification TT-T-548 to obtain a viscosity of 26 to 34 seconds In a No. 1 Zahn 
cup or equivalent. The thinned primer shall then be strained through nylon or cotton cloth. 

3.2.3.2 Application. The prepared primer shall be applied to freshly cleaned surfaces by 
spraying to a dry film thickness of 0.0003 to 0.0004 Inch. The prerequisite thickness produces 
a distinct greenish cast; a full yellow cast Indicates the primer Is too thick. The dried primer 
shall have a smooth appearance and shall be free of dusting and overspray. 

3 .2.3.3 Curing. The primer shall be cured at room temperature for not less than 1-1/2 hrs 
and not more than 24 hrs before overcoating with polyester enamel. 

3.2.4 Enameling 

3.2.4.1 Enamel. Polyester enamel shall be prepared for spraying by thoroughly mixing each 
component and then adding one part by volume of component No. 2 (clear) to three parts by 
volume of component No. 1 (pigmented). The catalized enamel shall immediately be mixed and 
then allowed to stand for 30 minutes minimum before use. Up to 16 percent by volume of 
xylene in accordance with Specification TT-X-916, Grade A, as desired, may be added to thin 
the enamel for use with a siphon-type spray gun. No thinner shall be used when the enamel 

Is applied with a pressure-type spray gun. The enamel shall be strained through cotton or 
nylon cloth. The pot life of the catalized enamel is 48 hours. 

3 .2.4.2 Application. The enamel shall be applied by spraying using agitation as required to 
prevent settling of the pigments. The enamel shall be applied with a full wet coat to a dry film 
thickness of 1-1/2 to 2 mils (normally one pass is required). Overcoating areas which have 
started to dry shall be avoided as film lifting may occur. If overcoating is necessary, not less 
than one hour at room temperature shall be provided as the minimum cure time. 

3.2.4.3 Baking. After allowing a solvent flash-off time of 16 minutes minimum, the enameled 
equipment shall be baked at a metal temperature of +136° ±6°F for 24 hrs. 

3.2.5 Masking Removal. After the equipment has cooled to room temperature, the masking 
shall be removed. Naptha, in accordance with Specification TT-N-95, Type I or Type II, shall 
be used to clean the surfaces which were in contact with the masking, using care to insure that 
no running or dripping of the solvent occurs on the equipment. 

3.2.6 Touch-Up. Edges adjacent to the masking shall be feathered to the surrounding surface 
with a suitable tool or mild abrasive. The entire finished surfaces shall be lightly rubbed with 
rubberized bound hair or tampico fiber to remove loosely adherent overspray. Damaged and 
local areas shall be touched-up by brush, spray or other suitable means of application of primer 


I 
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and enamel in accordance with all of the requirements, of this specification except air drying 
for two hours minimum shall be considered an alternate to baking if the touched-up area is 
less than 4 sq. in. 

3.3 WORKMANSHIP. The applied coating shall be uniform in appearance, and free from 
voids, sags, runs, or other irregularities. The coating shall show no signs of loosely 
adherent over spray. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain sufficient process 
and quality control to assure that the requirements of this specification are met in accordance 
with the provisions of Publication NPC 200-2. 

5 . PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6 . NOTES 

6.1 INTENDED USE. This specification is intended for use in applying a low-outgassing, 
corrosion-resistant finish to metallic surfaces. . 

6.2 CLEANING. Cleanliness is extremely important to obtain adequate adhesion of organic 
finishes to beryllium or any other bare metal surface. Care should be exercised to insure that 
parts are cleaned thoroughly and that cleanliness is maintained throughout the finishing process. 
Cleaned parts should not be touched with bare hands. 
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1. SCOPE 

1.1 PURPOSE. This specification describes the process for the application of a corrosion- 
resistant f4 nish to metallic substractes. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification shall be 
designated by the applicable type or dash number. This shall include all requirements specified 
in Sections 1 through 6 of this specification. 


1X22 


Dash No. 

I 

Low Temperature Cure 

ND-1002291-001 

II 

Intermediate Temperature Cure 

ND-1002291-002 

m 

High Temperature Cure 

ND-1002291-003 


NOTE: Where no type of cure is specified by the applicable drawing, the 
Type I cure shall be used. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATION 

Federal 

TT-M-261 Methyl Ethyl Ketone 

O-T-634 Trichlorethylene, Technical, 

TT-N-95 Naphtha, Aliphatic 

TT-X-916 Zylene (for use in organic coatings) 

TT-T-548 Toluene (for use in organic coatings) 

Military 

MIL-P-8585 Primer Coating, Low Moisture Sensitivity 

DRAWINGS 
NASA 

1012543 . Coating Kit, Light Diffusing 
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3.2.3 Priming 

3.2.3.1 Primer. Zinc chromate primer shall be thoroughly mixed in the original container 
to assure admixture of the ingredients. The mixed primer shall be thinned with toluene in 
accordance with Specification TT-T-548 to obtain a viscosity of 26 to 34 seconds in a No. 1 Zahn 
cup or equivalent. The thinned primer shall then be strained through nylon or cotton cloth. 

3.2.3.2 Application. The prepared primer shall be applied to freshly cleaned surfaces by 
spraying to a dry film thickness of 0.0003 to 0.0004 inch. The prerequisite thickness produces 
a distinct greenish cast; a full yellow cast indicates the primer is too thick. The dried primer 
shall have a smooth appearance and shall be free of dusting and overspray. 

3.2.3.3 Curing. The primer shall be cured at room temperature for not less than 1-1/2 hrs 
and not more than 24 hrs before overcoating with polyester enamel. 

3.2.4 Enameling 

3.2.4.1 Enamel. Polyester enamel shall be prepared for spraying by thoroughly mixing each 
component and then adding one part by volume of component No. 2 (clear) to three parts by 
volume of component No. 1 (pigmented). The catalized enamel shall immediately be mixed and 
then allowed to stand for 30 minutes minimum before use. Up to 15 percent by volume of 
xylene in accordance with Specification TT-X-916, Grade A, as desired, may be added to thin 
the enamel for use with a siphon-type spray gun. No thinner shall be used when the enamel 

is applied with a pressure^type spray gun. The enamel shall be strained through cotton or 
nylon cloth. The pot life of the catalized enamel is 48 hours. 

3.2.4.2 Application. The enamel shall be applied by spraying using agitation as required to 
prevent settling of the pigments. Unless otherwise specified, the enamel shall be applied with 
a full wet coat to a dry film thickness of 1-1/2 to 2 mils (normally one pass is required). 
Overcoating areas which have started to dry shall be avoided as film lifting may occur. If 
overcoating is necessary, not less than one hour at room temperature shall be provided as the 
minimum cure time. 

3.2.4.3 Baking. After allowing a solvent flash-off time of 15 minutes minimum, the enameled 
equipment shall be baked at a metal temperature in accordance with the following cure schedules 
as applicable. If no schedule is specified the cure shall be in accordance with the Type I schedule. 

Type I: 135±5°F for 24 hrs. minimum 

Type Hr 150±5°F for 24 hrs. minimum 
Type HI: 250±5°F for 30 minutes minimum 

3.2.5 Masking Removal. After the equipment has cooled to room temperature, the masking 
shall be removed. Naptha, in accordance with Specification TT-N-95, Type I or Type n, shall be 
used to clean the surfaces which were in contact with the masking, using care to insure that no 
running or dripping of the solvent occurs on the equipment. 

3.2.6 Touch-Up. Edges adjacent to the masking shall be feathered to the surrounding surface 
with a suitable tool or mild abrasive. The entire finished surfaces shall be lightly rubbed with 
rubberized bound hair or tampico fiber to remove loosely adherent overspray. Damaged and 
local areas shall be touched-up by brush, spray or other suitable means of application of primer 
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and enamel in accordance with all of the requirements of this specification except air drying 
for 12 hours minimum shall be considered an alternate to baking if the touched-up area is 
less than 4 sq. in. 

3.3 WORKMANSHIP. The applied coating shall be uniform in appearance, and free from 
voids, sags, runs, or other irregularities. The coating shall show no signs of loosely 
adherent overspray. 
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1. SCOPE 

1.1 PURPOSE. This specification describes the process for the application of a corrosion- 
resistant finish to metallic substractes. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification shall be 
designated by the applicable type or dash number. This shall include all requirements specified 
in Sections 1 through 6 of this specification. 


Type 


Dash No. 

I 

Low Temperature Cure 

ND-1002291-001 

II 

Intermediate Temperature Cure 

ND-1002291-002 

m 

High Temperature Cure 

ND-1002291-003 


NOTE: Where no type of cure is specified by the applicable drawing, the 
Type I cure shall be used. 


2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified, Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATION 


Federal 

TT-M-261 

O-T-634 


TT-N-95 

TT-X-916 


TT-T-548 

Military 

MIL-P-8585 

MIL-P-15328 

DRAWINGS 


Methyl Ethyl Ketone 
Trichlorethylene, Technical, 

Naphtha, Aliphatic 

Zylene (fojr use in orgmic coatings) 

Toluene (for use in organic coatings) 

Primer Coating, Low Moisture Sensitivity 
Primer I*retreatment 


NASA 


1012543 Coating Kit, Light Diffusing 
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3. PROCEDURE 

3.1 MATERIAL. The coating! used shall be a zinc chromate primer in accordance with 
Specification MIL-P-8585 and a gray enamel topcoat (two component polyester system) in 
accordance with Drawing 1012543-003. If desired, a primer pre-treatment per MIL-P-15328 
may be used. 

3.2 PROCESS 

3.2.1 Cleaning. All surfaces to be coated shall be thoroughly solvent-cleaned to remove 
contamination. Solvents used shall be trichloroethylene in accordance with Specification 
O-T-634 Type I or II and methyl ethyl ketone in accordance with Specification TT-M-261. 

Piece parts shall be cleaned by vapor degreasing in trichloroethylene followed by scrubbing 
with methyl ethyl ketone. Assemblies shall be cleaned by wiping with tissue paper moistened 
with solvent. Trichloroethylene shall be used first followed by methyl ethyl ketone. Solvent 

shall be repeated as necessary, using fresh solvent and tissue paper, to achieve a 
surface capable of passing the water-break test of 3.2.1.2; however, if repeated cleaning 
(not less than four times in each solvent) fails to yield a water-break-free surface, the primer 
wetting test of 3.2.1.3 shall be used. In addition to the above cleaning procedure, surfaces 
which have received pretreatment (chemical film or anodize) shall be washed with distilled 
or deionized water to remove water soluble soils followed by a wash with methyl ethyl ketone 
to dry the surfaces. Water shall not be allowed to remain on surfaces longer than necessary 
for adequate cleaning. 

3.2.1.1 Caution. Caution shall be exercised when using the tissue paper cleaning method 
on equipment to insure that excess solvent is not used. Running or dripping of solvent on 
equipment shall be avoided. 

3.2.1.2 Water-break Test Procedure. Representative areas of the cleaned surface shall be 
tested for ability to support an unbroken film of distilled water by applying a few drops to the 
surface and observing if the surface is wetted when the water is moved with a metal or glass probe. 

3.2.1.3 Alternate Primer Wetting Test. Zinc chromate primer, thinned in accordance with 
this specification, shall be brushed on representative areas of the cleaned surface. Visual 
examination of the drying film shall be performed to determine freedom from areas not wetted 
by primer as evidenced by crawling in the film, fish eyes, or holidays. The primer shall be 
removed with toluene-moistened tissue paper before proceeding. 

3.2.1.4 Location. Cleaning shall be performed in a well-ventilated area such as in a fume 
hood or in front of an exhausting paint spray booth. Rubber gloves shall be used. 

3.2.2 Masking. All tapped-snd through-holes shall f>e plugged prior Is painting, Masking of 
other areas designated to be free of the coating shall be accomplished with masking tape of 
a type suitable for baking. The masking tape shall be applied and trimmed as necessary to 
produce an even edge in conformance with the dimensional requirements of the masked area. 

All materials selected for masking shall be capable of withstanding themaxlmium temperature 
of cure cycle selected from table in Paragraph 3. 2. 4.3 . 1 Gloves ehali be used while masking 
to insure that cleaned surfaces remain uncontaminated. 
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3.2.3 Priming 

3.2.3.1 Primer Pretreatment If Used. Primer pretreatment shall be mixed in accordance with 
MIL-P-15328. 

Caution: The wash primer shall be applied within 8 hours of the addition of die add 
component. Zinc chromate primer shall be applied over pretreatment within 2 hours 
of completion of pretreatment cure. 

3.2.3.2 Application. The prepared primer pretreatment shall be applied to a dry film thickness 
Of 0.0003 to 0.0004 inch. 

3.2.3.3 Curing. The primer pretreatment shall be cured at room temperature for not less than 
30 minutes. 

3.2.3.4 Primer. Zinc chromate primer shall be thoroughly mixed in the original container to 
assure admixture of the ingredients. The mixed primer shall be thinned with toluene in 
accordance with Specification TT-T-548 to obtain a viscosity of 26 to 34 seconds in a No. 1 Zahn 
cup or equivalent. The thinned primer shall then be strained through nylon or cotton cloth. 

3.2.3.5 Application. The prepared primer shall be applied to freshly cleaned surfaces by 
spraying to a dry film thickness of 0.0003 to 0.0004 inch. The prerequisite thickness produces 
a distinct greenish cast; a full yellow cast indicates the primer is too thick. The dried primer 
shall have a smooth appearance and shall be free of dusting and overspray. 

3.2.3.6 Curing. The primer shall be cured at room temperature for not less than 1-1/2 hrs 
and not more than 24 hrs before overcoating with polyester enamel. 

3.2.4 Enameling 

3.2.4.1 Enamel. Polyester enamel shall be prepared for spraying by thoroughly mixing each 
component and then adding one part by volume of component No. 2 (clear) to three parts by 
volume of component No. 1 (pigmented). The catalized enamel shall immediately be mixed and 
then allowed to stand for 30 minutes minimum before use. Up to 15 percent by volume of 
xylene in accordance with Specification TT-X-916, Grade A, as desired, may be added to thin 
the enamel for use with a siphon-type spray gun. No thinner shall be used when the enamel 

is applied with a pressure-type spray gun. The enamel Shall be strained through cotton or 
nylon cloth. The pot life of the catalized enamel is 48 hours. 

3.2.4.2 Application. The enamel shall be applied by spraying using agitation as required to 
prevent settling of the pigments. Unless otherwise specified, the enamel shall be applied with 
a full wet coat to a dry film thickness of 1-1/2 to 5 mils (normallyone pass is required). 
Overcoating areas which have started to dry shall be avoided as film lifting may occur. If 
overcoating is necessary, not less than one hour at room temperature shall be provided as the 
minimum cure time. 

3.2.4.3 Baking. After allowing a solvent flash-off time of 15 minutes minimum, the enameled 
equipment shall be baked at a metal temperature in accordance with the following cure schedules 
as applicable. If no schedule is specified the cure shall be in accordance with the Type I schedule. 

Type I: 135±5°F for 24 hrs. minimum 

Type II: 150*5° F for 24 hrs. minimum 

Type III: 250±5° F for 30 minutes minimum 
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1. SCOP* 

1.1 PURPOSE. This specification describes the process far the application of a corrosion- 
resistant finish te bare metallin i 

1.1 CLASSIFICATION. The requirements for the prooesa covered by this apeciflcation shall be 
jigq ignafcaH u ND1002291-091* Thia shall include all requirements specified in Sections 1 through 
9 of this specification* v 

9* APPLICABLE DOCUMENTS 

1.1 EFFECTIVE ISSUES. The following doonments term a part of this specification te the 
extent specified herein* Unless otherwise specified. Military Standards and Specifications 
shall be the issueti effect on the date of request for proposal or inritation to bid* 

SPECIFICATIONS 

Federal 

TT-M-251 

O-T-620 

TT-N-95 

TT-X-919 

TT-T-549 

Military 

MIL-P-S585 

DRAWINGS 

NASA 

> 1012543 Coating Kit, Light Diffusing 


Methyl Ethyl NiM— 

Trichloroethylene, Technical, Inhibited 
Naphtha, Aliphatic 
Zylene (for one in organic ooattngs) 
Toluene (for nee In organlo ooattngs) 

Primer Coating, Low Moisture Sensitivity 
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PUBLICATIONS 

NASA 

NPC 200-2 NASA Quality Publication, Quality Control 

Program for Space System Contractors 

(Copies of specifi cations, standards, drawings, bulletins, and publications required 
by suppliers in connection with specific procurement functions should be obtained 
from the procuring activity or as directed by the contracting officer.) 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between requirements, the following 
order of precedence shall apply. The contractor shall also notify M3T/IL APOLLO Management 
of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 
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3. PROCEDURE 

3.1 MATERIAL. The coatings used shall be a zinc chromate primer in accordance'with 
Specification MIL-P-3535'wnd a gray enamel topcoat (two component polyester system) in 
accordance with Drawing 1012543-008. 

3.2 PROCESS 

3.2.1 Cleaning. All surfaces to be coated shall be thoroughly solvent- cleaned "to remove 
contamination. Solvents used shall be trichloroethylene in accordance with Specification 
O-T-620 and methyl ethyl ketone in accordance with Specification TT-M-261. Piece parts 
shall be cleaned by vapor degreasing in trichloroethylene followed by scrubbing with methyl 
ethyl ketone. Assemblies shall be cleaned by wiping with tissue paper moistened with solvent. 
Trichloroethylene shall be used first followed by methyl ethyl ketone. Solvent cleaning shall 
be repeated as necessary, using fresh solvent and tissue paper, to achieve a surfaoe capable 
of passing the water-break test of 3.2.1.2f however, if repeated cleaning (not less than four 
times in each solvent) fails to yield a water-break-free surfaoe, the primer wetting test of 

3.2.1.8 shall be used. 

3.2.1.1 Caution. Caution shall be exercised when using the tissue paper cleaning method on 
equipment to insure that excess solvent is not used. Running or dripping of solvent on equipment 
shall be avoided. 

3.2.1.2 Water-break Test Procedure. Representative areas of the cleaned surface shall be 
tested for ability to support an unbroken film of distilled water by applying a few drops to the 
surfaoe and observing if the surfaoe is wetted when the water is moved with a metal or glass 
probe. 

3.2.1.3 Alternate Primer Wetting Test. Zinc chromate primer, thinned In accordance with 
this specification, shall be brushed on representative areas of the cleaned surface. Visual 
e x a min ation of the drying film shall be performed to determine freedom from areas not wetted 
by primer as evidenced by crawling in the film, fish eyes, or holidays. The primer shall be 
removed with toluene-moistened tissue paper before proceeding. 

3.2.1.4 Location. Cleaning shall be performed in a well-ventilated area such as in a fame. 
hood or in front of an exhausting paint spray booth. Rubber gloves shall be used. 

3.2.2 Masking. All tapped-* and through-holes shall be plugged prior to painting. 
of other areas designated to be free of the coating shall be accomplished with masking tape of 
a type suitable far baking. The masking tape shall be applied and trimmed as necessary to 
produce an even edge in conformance with the dimensional requirements of the masked area. 

All materials selected for masking shall be capable of withstanding a temperature of +140°F. 
Gloves shall be used while masking to insure that cleaned surfaces remain uncontaminated. 


*. 
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3.2.8 Priming 

m 

3.2.3.1 Primer. Zinc chromate primer shall be bftihomM ghl y nittbii t'a tM fai g fa f i jA wtrinay 
to assure admixture of the Ingredients. The mixed primer shall be thinned with toluene In 
accordance with Specification TT-T-548 to obtain a viscosity of 26 to 34 seconds in a No. 1 Zahn 
cup or equivalent. The thinned primer shall then be strained through nylon or cotton doth. 

3.2.3.2 Application. Hie prepared primer shall be applied to freshly cleaned surfaces by 
spraying to a dry film thickness of 0.0003 to 0.0004 inch. The prerequisite thickness produces 
a distinct greenish east; a hill yellow east indicates the primer Is too thick. The dried primer 
shall have a smooth appearance and shall be free of dusting aad overspray. 

3.2.3.3 Curing. The primer shall be cured at room temperature for not less than 1-1/2 brs 
and not more than 24 hrs before overcoating with polyester emunel. 

3.2.4 Enameling 

3.2.4.1 Enamel. Polyester enamel shall be prepared for spraying by thoroughly mixing each 
component and then adding one part by volume of component No. 2 (clear) to three ports by 
volume of component No. 1 (pigmented). The eatallaed enamel shall immediately be mixed and 
then allowed to stand for 30 minutes minimum before use. Up to 15 percent by volume of 
xylene in accordance with Specification TT-X-916, Grade A, as desired, may be added to thin 
the enamel for use with a siphon-type spray gun. No thinner shall be used when the eiwmel 

Is applied with a pressure-type spray gun. The enamel shall be strained through cotton or ) 
pylon doth. The pot life of the eatallaed enamel is 43 hours. 

3.2.4.2 Application. The enamel shall be applied by spraying using agitation as required to 
prevent settling of the pigments. The enamel shall be applied with a full wet coat to a dry film 
thickness of 1-1/2 to 2 mils (normally one pass Is required). Overcoating areas which have 
started to dry shall be avoided as film lifting may occur. If overcoating Is necessary, not less 
than one hour at ream temperature shall be provided as the minimum cure time. 

3.2.4.3 Baking. After allowing a advent flash-off time of 15 minutes minimum, the enameled 
equipment shall be baked at a metal temperature of >135* ±5*F for 24 hrs. 

3.2.5 Masking Bern oval. After the equipment has coded to room temperature, the masking 
shall be removed. Naptha, In accordance with Spedficatteo TT-N-95, Type I or Type n, 

be used to clean the surfaces which were In contact with the maskli*, usii* care to Insure that 
no r unnin g or dripping of the solvent occurs on the equipment. 

3.2.6 Touch-Up. Edges adjacent to the masking shall be feathered to the surrounding surface 
with a suitable tod or mild abrasive. The entire finished surfaces shall be lightly rubbed with 
rubberized bound hair or tampico fiber to remove loosely adherent overspray. 

3.3 WORKMANSHIP. The applied coating shall be uniform In appearance, and free from voids, 
sags, runs, or other Irregularities. The coating shall show no signs of loosely adherent over¬ 
spray. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AMD QUALITY CONTROL. The processor shall maintain sufficient process 
and quality control to aaanro that the requirements of this apectflcatloa are mot la aooordanoo 
with the provisions of Mttteatton NFC SM3§» 

4 . PREPARATION FOR DELIVERY. Thie section ie not applicable to tide specillcatlom 
6. NOTES 

6.1 INTENDED USE. This specification ie intended for aae in applying a louroutgaaaing, 
oorroeion-rooistaat SnUh to heryUiun sorfeoea. 

6.2 CLEANING. Cleanliness is extremely important to obtain adequate adhesion of organic 
finishes to beryllium or any other bare metal surface. Care should be exercised to Insure that 
parts are cleaned thoroughly and that cleanliness is maintalnsd throughout the finishing proce ss . 
Cleaned parts should not be touched with bare hands. 
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FR0CEB8 SFBCIFICATIOIf 8FBCXAL OOEDITIOltnW 
OF WELDABLE MULTIIAYER CIRCUIT BOARDS 


1. 8C0PB 

1.1 PURPOSE 

This specification establishes the minimum requirements for the acceptance of 
eeldable, multilayer circuit boards for use in flyable deliverable end Items. The pro- 
ceduraa described herein etaOl be perfomed by the GW industrial contractor as part of 
the Incoming inspection. 


2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES 

The following docvsnents of the issue in effect on the date of this document 
form a part of this specification to the extent described herein. 

SPECIFICATIONS 


MILITARY 

MIL-STD-202 Test method for electronic and electrical 

component parts. 

ED 1002271 Process Specification for Voidable 8urface 

Multilayer Printed Wiring Boards. 


DRAWINGS 
Anollo G&H 

1006395 Circuit Board, Multilayer 


3. RBQUIRBfflNTS 


3.1 GENERAL 

The provisions of this specification shall be applicable to all phases of 
acceptance of weldable multilayer circuit boards BCD 1006395 to the extent specified 
herein. Specification requirements or provisions not covered by this specification 
shall be as specified on the applicable drawing or purchase order. In the event of 
conflict between the requirements of the applicable drawings, this specification and 
other documents cited herei*, the requirements of the applicable drawings and this 
specification shall govern in that ordar. 


3.2 PROCESS CONTROL 

The process covered by this specification shall be controlled In accordance 
with the provision of Section 4. 
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3.2.1 LOT CONTROL - COUPOB AID BOARD 


A test coupon attached to each board during fabrication shall bear the sane 
serial number as its respective board. The coupon, being s im u lt aneously subjected to all 
processes, shall reflect the same standards of quality as the board and shall be 
indicative of all inherent features of the board encompassing circuit construction, 
circuit performance and overall quality. The coupon shall include test circuits as 
specified in SCD IOO 6395 . Both the coupon and board shall be subjected to tests 
outlined in paragraph 3*3* 


3 .3 TEBT PROCEDURE 

3.3.1 TEST SEQUENCE FOR MULTILAYER BOARDS 

All boards to be flight qualified shall be subjected to the following tests: 

a. External visual (test #l). 

b. Physical dimension (test #2). 

c. Electrical test at 25°C (test #3) 
d» Thermal cycle (test #U) 

e. Electrical test at 25°C (test #5) 


3.3.2 TEST SEQUENCE FOR COUPOB 

All coupons as specified in SCD 1006395 subjected to the following 

tests: 

a. Thermal storage (test #6), 

b. Thermal shock (test #7). 
e. Weld pull test (test #6). 


d. Sectioning of boles (test #9). 

3.3.3 REMOVAL OF 1AILURB3 


Coupon* which fail .hall be re-oval tram the test MquMC. at the P 0 *”* 
detection and subjected to failure analysis. Multilayer boards which fail shaU complete 
the test sequence after which they shall be subjected to failnr. analysis. Hie location 
in the test sequence where failures occur must be recorded. 
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fl^.4,4 (Cpnt T dj 

Thm DC resistance of any conductor shall be less than 4 cbaB{.3 ohms 
ettributabl*to*ttae conductorand the balance of 3.7 ohm. to teet flxturin*.) 
The'^euStlon reeletance between each conductor eud all oth«r conductor, .ball 
not be less than 30 megohms with 100 VDC. 

* COUPOB TEST 


T ^ h.S THBaM. STO RAGE (TEST #6) 

... _____ -hall be eub.lected to the following, during which tine provision 
. h .,i b^j^Le’to'ccntlnuouely monitor for all open, and internittent«(.25 microsecond.). 

a. Iheraal .torage at ♦ 165 + 5°C - 8 hour, nininua. 

b. Thermal .tong, at - 65 + 5°C - 8 hour. nini**. 

^.3.4.6 TBHMU. SHOCK 'TEST #f) 

. following test 3.3.4.5 (thermal .torage), all coupon, .hall be 

HIL-STD-202, Method 10TB except that the temperature ana 

b * U ” ! Three cycle., 30 minute ainimun reeidence at extrem. of -65 l5° c 
and +165 + 5°C. Tran.fer tlmt between extreme. ahall not exceed 
10 seconds• 

^3.4.7 WED PULL TEST (TEST #Tl 

„. *s 1 s?.*st “ st'SsVSjk.s 

srX'srA’sa jjor.iarssrjtfssr 

^.^.4.8 SECTIOHING OF BDT JS (TEST #9) 

«Fh» nlated through holes of the coupon specified in 8CD 1006395 ® hall . be .. 
sectioned ^examW^nder 80 poser minimum magnification for conformance to the 

following criteria: 

The minimum plated copper thickness in the plated thru holes shaU be 
T 0015inches P over 75 percent of the cross-sectioned hole. ^ 
iag 25^reent may LSbit a maximum of 3 of the following condition, 
on each side of a hole. 

i A n eMd vhich has a nininua plated thickness of .005 inches 
’ wdTUaximum length of .002 inches, provided it 

at the hole-conductor interface, and a ^^ jondition does 
not appear on the adjacent side of the hole indicating a ring. 
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2 . An area which has a minimum plated thickness of .001 
inches and a maximum length of .005 inches, provided 
it does not appear at the hole-conductor interface. 

Sectioning of holes need not be performed in sequential order. 

3.4 REMOVAL OP FAILURB8 

Boards which flail the test sequence 3*3.1 shall be removed at the completion of 
i tests. Any coupon failure in test sequence 3*3*2 shall necessitate the rejection of 
its corresponding serialised board. 8ee information addenda for known problem areas. 

4. QUALITY ASSURANCE FftOVIBIONS 

4.1 OHTCKAL 


In order to assure proper control of the acceptance process covered by this 
specification, the contractor shall meet all the requirements specified herein and shall 
provide continuous audit of the acceptance process to assure compliance with the require¬ 
ments of this specification. 

4.1.1 FLIGHT QUALIFICATED HARIWARB 

A multilayer board is flight qualified when the board and coupon successfully 
completes the test sequence 3*3. with no failure in the board or the coupon. 

4.1.2 INSPECTIOW 

The contractor, through his quality assurance or control agency shall be 
responsible for the perfonmnce of all inspection requirements and tests specified herein. 

4.2 FAILURE ANALYSIS 

All weldable, multilayer circuit boards and coupons flailing the sequence 
outlines in 3.3. shall be subjected to a failure analysis sufficient to identify cause 
of failure. 

4.3 COMFORMANCE TO HD 1015404 

Disclosure of any violation of previously agreed to contractor/supplier 
HD 1015404 critical process list without prior notification, automatically rejects the 
multilayer board. Hotice of such deviation must be made by the contractor to MXS/IL 
within 24 hours of disclosure. 

4.4 STORAGE 


Coupons and sectioned holes of all boards classified as flight hardware shall 
be stored by lot number, 8CD dash number and serial niaber for three years. The coupons 
must be readily accessible for future reference. 

4.5 QUALIFICATION REPORT 

Two copies of a report Justifying the acceptance or rejection of the multilayer 
boards in a shipment lot shall be forwarded to MIL/IL prior, to their use in deliverable end 
items. The report shall include the following: 
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4.5 (Cont*d) 

a. The number of boards shipped In a shipment lot. 


Apollo Specification 
HD 1002293 


b A list of the boards In the ehipnent lot Identified by lot 
Identification number, BCD 1006395 dash serlal 

nunber which passed or failed flight qualification. 

„ t,.. f ai iura «n*lysls report of all boards or coupons which 

failed from test or vere Induced by the contractor indicat- 
ing^the^exact cause of failure. ****?& should be In¬ 
cluded In the failure analysis report where possible. 


f,l ISTBtDED UBK 

Thle process assesses boards used In Apollo GW equipewit by conditioning 
multilayer boards and the corresponding test coupons. 

5 t 2 DEFINITIOHS 

5 ? 2.1 SHUMHfT LOT 

A ehlpeient lot ft. any n»ber of multilayer board. BCD 1006395 received by the 
contractor flrom one render in ona day. 

5.2,2 INDUCED FAILURBj 

. , „ , juj e 4 , - failure vhich through failure analysis can be proven 

to be can A bo«d which ha. - 

failure cannot be used In flight equipment. 

^.2.^ W.BryPRICAL TF 3T FAILURES 

a. T Electrical Board failure 

> test #3 and #5 is the failure of any conducting 

S.S'to « taTtta. .3 Ohm. or the failure to 
— isolation resistance between conducting paths of 30 
megohms at 100 VDC. 


Electrical 


i Failures 


Hlectrlcal coupon failure is the i * t * , ^f C mp-flop 

_in t-.li continuity during teete #6 end #7 l.e.. If rup r«g> 
change of state is detected. 

5 . 2.4 EXTERNAL VISUAL mSHBCTCT FAmJRBI 

^ j, ._„—«*» a a tm a failure to meet the visual 

A failure at test #1 of P* rs * ra P|V «Kiuirementa negotiated with the 

requirements of paragraph 3.3.A.1 and any «ldltionnl wquir^t. nego 

applicable vendor. 


6 

(REV A) 





COUPONS 



OP TEST SEQUENCE 3-3.. 




Apollo Specification 
ND 1002293 
Original Issue Date: 

Release Authority: TDRR 
Class A Release 2CZI& 



PROCESS SPECIFICATION SPECIAL CONDITIONING 
OF WELDABLE MULTILAYER CIRCUIT BOARDS 





f 


Apollo Specification 
ND 1002293 
Original Issue Date: 
Release Authority: TDRR 
Class A Release 



PROCESS SPECIFICATION SPECIAL CONDITIONING 
OF WELDABLE MULTILAYER CIRCUIT BOARDS 





3*3*4.8 (Cont'd) 


Apollo Specification 
HD 1002293 


f 


1.. An area which has a minimum plated thickness of .001 
inches and a maximum length of .005 inches, provided 
it does not appear at the hole-conductor interface* 

Sectioning of holes need not be performed in sequential order. 

3.4 REMOVAL OF FAILURES 

Boards which fail the test sequence 3.3.1 shall be removed at the completion of 
all tests. Any coupon failure in test sequence 3.3*2 shall necessitate the rejection of 
its corresponding serialized board. See information addenda for known problem areas. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 


In order to assure proper control of the acceptance process covered by this 
specification, the contractor shall meet all the requirements specified herein and shall 
provide continuous audit of the acceptance process to assure compliance with the require¬ 
ments of this specification. 

4.1.1 FLIGHT QUALIFICATED HAREWARE 

A multilayer board is flight qualified when the board and coupon successfully 
completes the test sequence 3.3. with no failure in the board or the coupon. 

4.1.2 INSPECTION 


The contractor, through his quality assurance or control agency shall be 
responsible for the performance of all inspection requirements and tests specified herein. 

4.2 FAILURE ANALYSIS 


All weldable, multilayer circuit boards and coupons failing the sequence 
outlines in 3*3* shall be subjected to a failure analysis sufficient to identify cause 
of failure. 

4.3 CONFORMANCE TO HD 1013404 

Disclosure of any violation of previously agreed to contractor/supplier 
HD 1015404 critical process list without prior notification, automatically rejects the 
multilayer board. Notice of such deviation must be made by the contractor to XIX/lL 
within 24 hours of disclosure. 

4.4 STORAGE 


Coupons and sectioned holes of all boards classified as flight hardware shall 
be stored by lot number, BCD dash number and serial number for three years. The coupons 
must be readily accessible for future reference. 

4.5 QUALIFICATION REPORT 

Two copies of a report Justifying the acceptance or rejection of the multilayer 
boards in a shipment lot shall be forwarded to MIL/lL prlcft to their use in deliverable end 
items. The report shall include the following: 
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3.3.4.8 (Cont *d) 


1. An area which has a minimum plated thickness of .001 

Inches and a maximum length of .005 inches, provided 

It does not appear at the hole-conductor Interface. 

Sectioning of holes need not be performed In sequential order. 

3.4 REMOVAL OF FAILURES 

Boards which flail the test sequence 3.3.1 shall be removed at the completion of 
all tests. Any coupon failure In test sequence 3.3*2 shall necessitate the rejection of 
Its corresponding serialized board. See Information addenda for known problem areas. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

In order to assure proper control of the acceptance process covered by this 
specification, the contractor shall meet all the requirements specified herein and shall 
provide continuous audit of the acceptance process to assure compliance with the require¬ 
ments of this specification. 

4.1.1 FLIGHT QUALIFICATED HAREWAKE 

A multilayer board Is flight qualified when the board and coupon successfully 
completes the test sequence 3.3. with no failure in the board or the coupon. 

4.1.2 INSPECTIOM 

The contractor, through his quality assurance or control agency shall be 
responsible for the performance of all Inspection requirements and tests specified herein. 

4.2 FAILURE ANALYSIS 

All weldable, multilayer circuit boards and coupons falling the sequence 
outlines In 3.3. shall be subjected to a failure analysis sufficient to identify cause 
of failure. 

4.3 CONFORMANCE TO ND 1015404 

Disclosure of any violation of previously agreed to contractor/supplier 
HD 1015404 critical process list without prior notification, automatically rejects the 
multilayer board. Notice of such deviation must be made by the contractor to MIT/lL 
within 24 hours of disclosure. 

4.4 STORAGE 


Coupons and sectioned holes of all boards classified as flight hardware shall 
be stored by lot number, SCD dash number and serial number for three years. The coupons 
must be readily accessible for future reference. 

4.5 QUALIFICATION REPORT 

Two copies of a report Justifying the acceptance or rejection of the multilayer 
boards In a shipment lot shall be forwarded to MIL/lL pricr to their use In deliverable end 
items. The report shall Include the following: 
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3.2.1 LOT CONTROL - COUPON AHD BOARD 

A test coupon attached to each board during fabrication shall bear the sane 
serial number as Its respective board. The coupon, being simultaneously subjected to all 
processes, shall reflect the same standards of quality as the board and shall be 
Indicative of all Inherent features of the board encompassing circuit construction, 
circuit performance and overall quality. The coupon shall Include test circuits as 
specified In SCD IOO 6395 . Both the coupon and board shall be subjected to tests 
outlined In paragraph 3 . 3 * 

3.3 TEST PROCEDURE 

3.3.1 TEST SEQUENCE FOR MULTILAYER BOARDS 

All boards to be flight qualified shall be subjected to the following tests: 

a. External visual (test #l). 

b. Physical dimension (test #2). 

e. Electrical test at 25°C (test # 3 ) 

d. Thermal cycle (test #4) 

e. Electrical test at 25°C (test #5) 

f. External Visual (Test #10) 

3.3.2 TEST SEQUENCE FOR COUPOH 

All coupons as specified In SCD IOO 6395 shall be subjected to the following 

tests: 

a. Thermal storage (test #6). 

b. Thermal shock (test # 7 ). 

c. Veld pull test (test # 6 ). 

d. Sectioning of holes (test #9). 

3.3.3 REMOVAL OF 1AILURE8 

Coupons which fall shall be removed from the test sequence at the point of 
detection and subjected to failure analysis. Multilayer boards which fall shall complete 
the test sequence after which they shall be subjected to failure analysis. The location 
In the test sequence where failures occur must be recorded. 
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PROCESS SPECIFICATION SPECIAL CONDITIONING 
OP WELDABLE MULTILAYER CIRCUIT BOARDS 


1.1 ■ fPfflfiSj 

This specification establishes the minimum requirements for the acceptance of 
weldable. Multilayer circuit boards for use in flyable deliverable end itesis. The pro¬ 
cedures described herein shall be performed by the GAN industrial contractor as part of 
the incoming inspection. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES 

The following documents of the issue in effect on the date of this document 
font a part of this specification to the extent described herein, 

SPECIFICATIONS 

MILITARY 

MIL*STD-202 Test nethod for electronic and electrical 

component parts. 

MIL-D-55110 Printed wiring boards. 

DRAWINGS 
Apollo G&N 

1006390 Multilayer circuit board. 

3. REQUIREMENTS 

3JL g mm 

The provisions of this specification shall be applicable to all phases of 
acceptance of weldable Multilayer circuit boards SCD 1006390 to the extent specified herein. 
Specification requirements or provisions not covered by this specification shall be as 
specified on the applicable drawing or purchase order. In the event of conflict between the 
requirements of the applicable drawings, this specification and other documents cited herein 
the requirements of the applicable drawings and this specification shall govern in that 
order. 

■?.2. PfipCfiSg gPKTRgl 

The process covered by this specification shall be controlled in accordance 
with the iprovleiandf Section 4, u> ... ■>.?. 
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3.2.1 LOT COHTIPL - CO IIPOW AMD BOARD 

A teat coupon ahall bo attached to each board and ahall hear the aana serial 
nunbar ot ita raapectiva board. The coupon, being staulteteoualy wbjactad to all 
procasaea, ahall reflect the sane atandarde of quality as the board 
indicative of all Inherent featurea of the board encompassing circuit construction, 
circuit parfornance and overall quality. The coupon shall Include test circuits a 
specifierIn SOD 1006390. Both the coupon and board shall be subjected to tests outlined 
in paragraph 3.3, 1 

3.3. TEST PBOCEDPRE 

Prior to the test sequence, the sailtllayer board ahall be detached fron the 
coupon. Care shall be taken to assure the quality of the board at the point of detachnent 
leaving It free fron delaoinatlan, chipe, nicks, rough edges, cracking, erasing or 
exposed internal circuitrye 

3.3.1 TEST SB OOmCB FOB MULTILAYER BflAHS 

All boards to ba flight qualified shall be subjected to the following tests: 

e. External visual (test #1). 

b. Physical dimension (test #2). 

c. Themal cycle (test #3). 

d. Electrical test at 25*C (test #4). 


tests: 


3.3.2 TEST SEQUENCE FOR flOUPOM 

All coupons as specified in 8CD 1006390 shall be subjected to 


the following 


a. Themal storage (test #5>. 

b. Themal shock (test #6). 

* c. Weld puli test (test #7). 
d. Sectioning of holes (test #8). 

3.3.3 REMOVA L OF FAILURES * < 

Coupons uhleh fall shall ba reuoved fron the test sequence at the a"*®* «* 
detection and subjected to failure analysis. Multllsyer boards which fsll shall conplete 
the test sequence sfter which they shall ba subjected to failure analysis. The location 
in the test sequence where failures occur uust be recorded* 
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1,3 A., ga 

lPABP,.IKIg 

3.3,A.l . OTHttAl YlgfflAL gKI-iU 

All boards exhibiting the following shall ba rejected. 

a* Evidence of lifted circuitry. 

b. Delauinatlon or cracks leading to an edge. 

c. Discrepancies 

Blistering, wrlnkes, erasing, delanination voids, resin- 
starvation within an area. 1/4" x 1/4" shall be United 
to two per board and shall be spaced no closer than ,5 
inch. Discrepancies exceeding an area 1/4" x 1/4" shall 
be rejected. 

d. Internal conductors extending to edge of the board, 
a. Oontaninants on weld pada. 


f. Evidence of intra-layer delanination. 

g. Visual evidence of over or under etch condition of wild 
pads. 

1.3.4J JgSlfiAl PMKsra..(T&« g) 

All boards shall be Inspected for configuration dipens ions as specified in 
SCD 1006390. Flatness, warp or twiat shall not exceed .090' ipek pea hoard, length. 


3.3.*. wm, flrcifi (are »?) 

All boards shall be cycled as follows! 

Thernal storage at + 100 1 5% 30 niautas ninlnun. 
Iharaal storage at * 15 ± 5 # C 30 ninutes ninlnun. 

The above cycle ahall be repeated twice. 


lA4 t 4 23!C,ttBgTL<tel 

All boards shall be tested for circuit continuity, and insulation resistance 
at 25 ± 2*C. These tests shall be perforned on DITMCO or equivalent. 
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a.3.4.3 THBRH A1. STORAGE (TEST »5) 

All coupon* (hall bo subjected to the following, during which tine provision 
shall be made to continuously monitor for all opens and intermittents (.25 microseconds). 

a. Thermal storage at + 165 ± 5*C • • hours minimum. 

h. Thermal storage at - 65 i 5*C - • hours minimum. 

3.3.4.6 THERMAL SHOCK (TEST. *61 

Immediately following teat 3.3.4.5 (thermal storage), all coupons shall be 
subjected to the following* continuously monitored for all opens and Intermittents 
(.25 microseconds). 

Three cycles, 30 minute minimum residence at extremes of -65 ± 5*C 
and +165 ± 5*C. Transfer time between extremes shall not excead 
10 seconds. 

3.3.4.7 WELD POLL TEST (TEST #71 

A weld pull test shall be performed on the pads of the coupon of SCD 1006390. 

A flat Kovar wire .012 in wide, .003 in thick with 50 to 100 microinches of gold shall 
be used for the pull tests. The pull test must meet the minimum isostrength of 3.6 
pounds. 

3.3.4.8 SECTIONING OF HOLES (TEST #8) 

The plated through holes of the coupon specified in SCD 1006390 shall be 
sectioned and examined under 80 power minimum magnification for conformance to the 
following criteria: 

The minimum plated copper thickness in the plated thru holes shall be 
.0015 inches over 75 percent of the cross-sectioned hole. The remain¬ 
ing 25 percent may exhibit a maximum of 3 of the following conditions 
on each side of a hole. 

1. An area which has a minimum plated thickness of .0005 inches 
and a maximum length of .002 inches, provided it does not 
appear at the hole-conductor interface, and a similar 
condition does not appear on the adjacent side of the hole 
indicating a ring. 
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An area which has a minimum plated thickness of .001 
Inches and a maximum length of .005 inches, provided 
it does not appear at the hole-conductor interface. 


Boards which fail the test sequence 3.3.1 shall be removed at the completion of 
all tests. Any coupon failure in test sequence 3.3.2 shall necessitate the rejection of 
its corresponding serialised board. See information addenda few known problem areas. 


4.1 GENERAL 

Xn order to assure proper control of the acceptance process covered by this 
specification, the contractor shall meet all the requirements specified herein and shall 
provide continuous audit of the acceptance process to assure compliance with the require¬ 
ments of this specification. 

4.1.1 FLIGHT yiAT TPir^rro hardware 

A multilayer board is flight qualified when the board and coupon successfully 
cos^letes the test sequence 3.3. with no failure in the board or the coupon. 

4.1.2 IKSPECnOH 

The contractor, through hla quality assurance or control agency shall be 
responsible for the performance of ail inspection requirements and tests specified herein. 


All weldable, multilayer circuit boards and coupons failing the sequence 
outlines in 3.3. shall be subjected to a failure analysis sufficient to identify cause 
of failure. 


Disclosure Of any violation of previously agreed to contractor/supplier 
ND 1015404 critical process list without prior notification, automatically rejects the 
multilayer board. Notice of such deviation must be made by the contractor to MIT/IL within 
24 hours of disclosure. 


Coupons and sectioned holes of all boards classified as flight hardware shall 
be stored by lot number, SCD dash number and serial number for three years. The coupons 
must be readily accessible for future reference. 


Two copies of a report justifying the acceptance or rejection of the multilayer 
boards in a shipment lot shall be forwarded to MIT/IL prior to their use in deliverable end 
items. The report shall include the following: 
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a. Tha nuaber of boarda shipped in a shipment lot. 

b. A list of tha boards In tha shipment lot identified by lot 
identification number, SCD 1006390 dash number and aefial 
nuaber which passed or failed flight qualification. 

c. The failure analysis report of all boards or coupons which 
failed from test or were induced by the contractor indicat* 
ing the exact cause of failure. Photograph should be in* 
eluded in the failure analysis report where possible. 

5. NOTES 

5.1 INTENDED USE 

This process assesses boards used in Apollo G6M equipment by conditioning 
multilayer boerds and the corresponding test coupons. 

5.2 DEFINITIONS 

5.2.1 SHIPMENT LOT 

A shipment lot is any number of multilayer boards SCD 1006390 received by the 
contractor from one vendor in one day. 

5.2.2 INDUCED FAILURES 

An Induced failure is a failure which through failure analysis can be proven 
to be caused by exceeding the stress limits of SCD 1006390. A boardswhich has an induced 
failure cannot be used in flight equipment. 

5.2.3 EXTERNAL VISUAL INSP ECTION FAILURES 

A failure at test #1 of paragraph 3.3 is a failure to meet the visual require¬ 
ments of paragraph 3.3.4.1 and any additional requirements negotiated with the applicable 
vendor. 

f j?‘|f .p| p ^ FAILURES 

A weld test failure shall be where four successive good welds meeting the 
Isostrength pull tests could not be performed and the problem as analyzed by Failure Analysis 
was attributable to the weldable laminate. 

6 . INFORMATION ADDENDA 

a. Opens and intermittences at junction of conductor paths and 
plated thru holes due to epoxy smear. (Fig. la). 

b. m Opens and Intermittences at junction of conductor paths and 

plated thru holes due to fracture at the junction Ib). 

c. Shorting due to incomplete etching of conductor paths . 
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PROCESS FOR 

ENCAPSULATING WITH SLOW REACTING POLYURETHANE FOAM 
1. SCOPE 

1.1 This specification defines the procedure for encapsulation 

of Tray A, Tray » and D6KY, only with a slow reacting polyurethane 
foes in order to protect the components from mechanical shock and 
vibration. 


1.2 The foam system in this specification free foams to a 
density of 6 pounds nominal per cubic foot. 

1.3 The low viscosity of the foam system and the fact that 
foaming will not commence up to four minutes after mixing at room 
temperature makes this system suitable for encapsulating large units 
having recesses otherwise difficult to reach for the conventional 
fast reacting polyurethane foams. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification 

to the extent specified herein. 

SPECIFICATIONS 

Federal 

TT-M-261 Methyl - Ethyl - Ketone 

BB-F-671 Freon T.F. 


DRAWINGS 

NASA 


1006396 Resin* Urethane Foam 

HD 1002004 Epoxy Bonding 
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3. REQUIREMENTS 

3 • 1 Cleaning 

3.1.1 Surfaces to be covered or contactad by the foam shall 
ba claan and fraa of grease* oil* dirt* or othar contamination 
which might advarsaly affact tha adhasion of tha foam. Uaa 
Fraon T.F. or Ethyl Alcohol. 

3.2 Mold Preparation 

3.2.1 If used, tooling molds shall ba cleaned by mechanical 

methods or chemically with solvent such as methyl - ethyl - ketone. 
After cleaning* the molds shall then be coated with a fluorocarbon 
base mold release agent which in no way shall have a deleterious 
affect on the resin system before* during* or after curing and 
which shall allow releasing cured foam from the mold surface with¬ 
out damage to the unit or foam. 

3.3 Formulation of Materials 

3.3.1 The following formulation of materials shall be used. 

Resin Component per 8CD 1006396-001 100 parts by wt 

Curing Agent per SCD 1006396-002 90 parts by wt 

3.4 AMOUNT OF FOAM REQUIRED 

3.4.1 For free foam applications* the estimated weight of foam 
required shall be equal to the density in grams per cubic inch 
multiplied by the volume "V" in cubic inches or 1.58 x V grams. 

NOTBs The free foam density of the foam is 6 pounds 
per cubic foot nominal which converts to 1.58 
grams per cubic inch. 

3.4.2 For closed mold applications* the maximum weight of foam 
required shall be equal to twice the weight required for free foam 
applications i.e. 3.16xV grams. The minimum weight required shall 
be the same as for free foam applications i.e. 1.58 V grams. 
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3.5 Nixing 

3.5.1 Add the required amount o£ curing agent to resin component 
•t 72° ± 5°F in the proportions specified in paragraph 3.3.1. Stir 
thoroughly by hand using a tongue depressor or equivalent for 30 A 
10 seconds. 


NOTBs Do not Machine nix because this will result 
in Much quicker foaming action, which would 
Make subsequent encapsulation difficult. 

3.6 Encapsulating. A two stage filling is used to prevent 

the foan froM seeping out at unsealed joints; i.e. around Halco 
pins. 


NOTSt Preheating of the Mold or unit shall not be 
allowed because this would result in a Much 
quicker foaMing action which would nake 
subsequent encapsulation difficult. 

3.6.1 Pirst Stage 

3.6.1 Using a syringe or equivalent, fill area around Nalco 

pins with enough Mixture for sealing as determined in 3.4.1. 

o O 

3.6.1.2 Cure the Mixture by allowing it to free foan at 175 F A 5 F 
for 2 hours nininun. 

3.6.1.3 Allow unit to cool to room temperature. 

3.6.1.4 Any voids Where Nalco insulators are still visible are 
to be filled using this same free foan procedure. 

3.6.2 Second 8tage 

3.6.2.1 Pour the required amount of mixture as determined in 3.4.2 
into the remaining cavity, spreading the mixture uniformly over 

the entire area, and close the mold. The time available for pouring 
and closing the mold will be approximately 4 minutes from completion 
of stirring per par. 3.5.1 

3.6.2.2 Cur. th. unit *t 175°F * 5°F for 2 hour, nininun. 
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QUALITY ASSURAMCB PAOVISIONB 

Visual inspection shall bs performed using ths naked eye. 

Ths curad foam shall ba rigid* non-tacky. and havs tha 
sana sisa and shapa as spacifiad by tha applicabla drawing. Wiring 
•ay ba visible but nust ba firmly imbedded in tha curad foam. Wires 
which are visible must ba coated with epoxy* .005 min. thk. par 
■D 1002004 Type V. 

4.3 Voids permissible providing wiring la not axpoaad. 

4.4 Qualification of materials. At tha start of each 24 hour 
production period* a check of tha materials shall ba mads regarding 
their ability to properly encapeulate. Either Test Method A or Test 
Method S shall ba used as follows t 

*•*.1 Test Method A . The materials shall ba nixed as specified 
in paragraph 3.5.1. At least thirty five (35) grams shall ba mixed. 
Twenty five (25) grams ♦ 0 gram - 1 gram of tha mixture Shall ba 
poured into an eight (8) ounce* wide mouth* jar. The mixture shall 
remain stationary and level until the foam has hardened (about 5-10 
minutes). After the foam has hardened* the height of the foam shall 
be compared against the height of a standard* made in the same manner* 
from materials taken from freshly opened containers* newly received 
in-house. Such a standard shall be made for each lot of material. 
After the lot has been used up* the standard shall be discarded and 
a new one made for the next lot. The height of the sample shall be 
equal to the height of the standard with a tolerance of +7% 

-15% 

*•*•2 Test Method B . Test specimons shall be prepared by 
combining the material at room temperature per paragraph 3.5.1 
introducing 95 ± 5 grams of this material into a paper container 
(dixie cup #2186* 1 pint liquid) and allowing the sample to free 
blow and cure for a minimum of 1/2 hour. After the 1/2 hour cure 
is completed, a sample of foam shall be cut using the coring tool 
to a size convenient for measurement and examination. All skin 
shall be removed. The volume of this sample shall be a minimum of 
1 -1/2 cubic inches. The resulting sample shall be measured to an 
accuracy of ± .005 inch and weighed to an accuracy of ± 0.1 grams. 
Density shall be calculated in pounds per cubic foot.as followst 
Density in grams/in x 3.809 • Density in pounds/ft. • Density at 

room temperature shall be 6 lbs ♦ 8 ounces y _3 _ . . 

^ /ft • The cured sample 

shall exhibit no excessive voids and shall have a cell structure* 
the foam surface shall be firm and tack free and shall not be friable. 
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3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the foam shall 

be clean and free of grease, oil, dirt, or other contamination 
which might adversely affect the adhesion of the foam. Use 
Freon T.F. or Ethyl Alcohol. 

3•2 Mold Preparation 

3.2.1 If used, tooling molds shall be cleaned by smchanical 

methods or chemically with solvent such as methyl - ethyl - ketone. 
After cleaning, the molds shall then be coated with a fluorocarbon 
base mold release agent which in no way shall have a deleterious 
affect on the resin system before, during, or after curing and 
which shall allow releasing cured foam from the mold surface with¬ 
out damage to the unit or foam. 

3.2.2 The mold, assembly to be potted, and all associated tools 
(containers, & syringes, etc.) shall be kept in an environment in 
which the temperature is maintained at 81 F ± 6 F for a minimum of 
4 hours prior to encapsulation. 

3.3 Formulation of Materials 

3.3.1 The following formulation of materials shall be used. 

Resin Component per SCO 1006396-001 100 parts by wt 

Curing Agent per SCO 1006396-002 90 parts by wt 

3.4 AMOUNT OF FOAM REQUIRED 

3.4.1 For free foam applications on D6KY, the estimated weight 
of foam required shall be equal to the density in grams per cubic 
inch multiplied by the volume N V N in cubic inches or 1.58 x V grams. 

NOTE: The free foam density of the foam is 6 pounds 
per cubic foot nominal %diich converts to 1.58 
grams per cubic inch. 
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3.4.2 For free foam applications on Tray A, tha estimated 
weight of foam required shall be approximately equal to twice 
the density in GH/I1r multiplied by the volume V in IN 3 or 3.0 
X V GH. 

3.4.3 For free foam applications on Tray B, the estimated 
weight of foam required shall be equal to the volume in IV 3 
multiplied by 2.0 

3.4.4 For closed mold applications, the maximum weight of 
foam required shall be equal to twice the weight required for free 
foam applications i.e. 3.16xV grams. The minimum weight required 
shall be the same as for free foam applications i.e. 1.58 V grams. 

3 • 5 taxing 

3.5.1 Add the required amount of curing agent to resin com¬ 
ponent at 81 r ± 6r in the proportions specified in paragraph 3.3.1. 
Stir thoroughly by hand using a tongue depressor or equivalent for 

± 10 seconds. 

3.6 Encapsulating. A two stage filling is used to prevent 

the foam from seeping out at unsealed joints; i.e. around Halco 
pins. 

3.6.1 First Stage 

3.6.1 Using a syringe or equivalent, fill area around Halco 

pins with enough mixture for sealing as determined in 3.4.1. 

3.6.1.2 Cure the mixture by allowing it to free foam at 175°F ± 5°F 
for 2 hours minimum. Application of mold covers is permitted to 
prevent over potting. 

3.6.1.3 Allow unit to cool to 81°F 8 6°F. 

3.6.1.4 Any voids %diere Halco insulators are still visible are 
to be filled using this same free foam procedure. 

3.6.2 Second Stage 

3.6.2.1 Pour the required amount of mixture as determined in 3.4.2 
into the remaining cavity, spreading the mixture uniformly over 
the entire area, and close the mold. The time available for pouring 
and closing the mold will be approximately 4 minutes from completion 
of stirring per par. 3.5.1 
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3. 6 . 2.2 Cure the unit at 175°F ± 5°F for 2 hours minimum. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Visual inspection shall be performed using the naked eye. 

4.2 The cured foam shall be rigid, non-tacky, and have the 
same size and shape as specified by the applicable drawing. Wiring 
may be visible but must be firmly imbedded in the cured foam. Wires 
which are visible must be coated with epoxy, .005 min. thk. per 

ND 1002004 Type V. 

4.3 Voids permissible providing wiring is not exposed. 

4.4 Qualification of materials. At the start of each 24 hour 
production period, a check of the materials shall be made regarding 
their ability to properly encapsulate. Test Method A shall be used 
as follows s 

4.4.1 Test Method A . The materials shall be mixed as specified 
in paragraph 3.5.1. All associated cosqponents (containers, jars, 
etc.) shall be kept in an environment in Which the temperature is 
maintained at 81°F ± 6°F for a minimum of 4 hours prior to testing. 

At least thirty five (35) grams shall be mixed. Twenty five (25) 
grams +0 gram -1 gram of the mixture shall be poured into an eight 
(8) ounce, wide-mouth, glass jar within sixty (60) seconds after 
mixing has been completed. (The glass jar shall have nominal inside 
dimensionsz 2.375 M dia X 3.125" high). The mixture shall remain 
stationary and level until the foam has hardened (about 5-10 minutes) • 
Care should be taken to set the glass jar on an insulating surface 
(foam pad) to reduce the transfer of heat through the glass. After 
the foam has hardened the dimension from the top of the foam crown 

to the top of the jar shall be measured. The resultant dimension 
shall fall within the range: 1.25" to 0.80"• 

4.4.2 Test Method B . Test specimens shall be prepared by com¬ 
bining the material per paragraph 3.5.1. All associated components 
(containers, etc.) shall be kep£ in an environment in Which the 
temperature is maintained at 81 F t 6 F for a minimum of 4 hours 
prior to testing. 95 ± 5 grams of this material shall be poured 
into a 1 pint round metal can approx, dim. 4" high x 3 1/4 dia. and 
allowed to free blow and cure for a minimum of 1/2 hour. 
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After the 1/2 hour cure is completed, a sample of foam 
shall be cut using the coring tool to a size convenient for measure¬ 
ment and examination. All skin shall be removed. The volume of 
this sample shall be a minimum of 1 -1/2 cubic inches. The result¬ 
ing sample shall be smasured to an accuracy of a .005 inch and weighed 
to an accuracy of ± 0.1 grams. Density shall be calculated in pounds 
per cubic foot as follows: Density in grams/in 3 x 3.809 ■ Density in 
pounds/ft. • Density at room temperature shall be 6 lbs + 0 ounces 

- 16 

/ft . The cured sample shall exhibit no excessive voids and shall 
have a cell structure, the foam surface shall be firm and tack free 
and shall not be friable. 

4.4.3 If the sample does not meet the requirements of 4.4.1, 
the parent batch of materials used to make the sample shall not be 
used. 

5. NOTES 

5.1 Intended Use. The intent of potting or encapsulating 

computer trays with polyurethane foam is to provide a lightweight 
insulating material Which will maintain the spatial relationship 
between components and wiring when such trays are subject to con¬ 
ditions of vibration, shock, and acceleration. 
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3. REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the foam shall 

be clean and free of grease, oil, dirt, or other contamination 
which might adversely affect the adhesion of the foam. Use 
Freon T.F. or Ethyl Alcohol. 

3.2 Mold Preparation 

3.2.1 If used, tooling molds shall be cleaned by mechanical 

methods or chemically with solvent such as methyl - ethyl - ketone. 
After cleaning, the molds shall then be coated with a fluorocarbon 
base mold release agent which in no way shall have a deleterious 
affect on the resin system before, during, or after curing and 
which shall allow releasing cured foam from the mold surface with¬ 
out damage to the unit or foam. 

3.2.2 The mold, assembly to be potted, and all associated tools 
(containers, & syringes, etc.) shall be kept in an environment in 
Which the temperature is maintained at 81 F ± 6°F for a minimum of 
4 hours prior to encapsulation except as noted in Para 3.6.1 .A and 

3.6.2 .A. 

3.3 Formulation of Materials 

3.3.1 The following formulation of materials shall be used. 

Resin Component per SCD 1006396-001 100 parts by wt 

Curing Agent per SCD 1006396-002 90 parts by wt 

3.4 AMOUNT OF FOAM REQUIRED 

3.4.1 For free foam applications on DSKY, the estimated weight 
of foam required shall be equal to the density in grams per cubic 
inch multiplied by the volume N V N in cubic inches or 1.58 x V IN.*.- 

NOTEs The free foam density of the foam is 6 pounds 
per cubic foot nominal %Aiich converts to 1.58 
grams per cubic inch. 
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3.4.2 For frt« foam applications on Tray A, the estimated 
weight of foam required shall be approximately equal to twice 
the density in GN/IN 3 multiplied by the volume V in IN 3 or 3.0 
X V IN 3 . 

3.4.3 For free foam applications on Tray B, the estimated 
weight of foam required shall be equal to the volume in IN 3 
multiplied by 2.0. 

3.4.4 For cloeed mold applications, the maximum weight of 
foam required shall be equal to twice the weight required for free 
foam applications i.e. 3.16xV grams. The minimum weight required 
shall be the same as for free foam applications i.e* 1.58 V grams. 

3*5 Nixing 

3.5.1 Add the required amount of curing agent to resin com* 
ponent at 81°F * 6°F in the proportions specified in paragraph 3.3.1. 
Stir thoroughly by hand using a tongue depressor or equivalent for 30 
A 10 seconds* 

3*6 Encapsulating• A two stage filling is used to prevent 

the foam from seeping out at unsealed joints; i.e* around Nalco 
pins* 

3.6*1 First Stage 

3.6.1. A The sold and the Assy to be potted may be preheated to 110°F 

max* 

3 .6*X*1 Using a syringe or equivalent, fill area around Nalco pins 
with enough mixture for sealing as determined in 3.4.1, 3*4.2 or 3.4*3* 

3.6.1.2 Cure the mixture by allowing it to free foam at 175°F ± 5°F 
for 2 hours minimum* Application of mold covers is permitted to 
prevent over potting. 

3.6*1*3 Allow unit to cool to 75°F to 110°F* 

3.6*1.4 Any voids where Nalco insulators are still visible are 
to be filled using this same free foam procedure. 

3*6.2 Second Stage 

3.6.2. A The mold and the Assy to be potted may be preheated to 140°F 
max* 

3.6.2.1 Pour the required amount of mixture as determined in 3.4.4 
into the remaining cavity, spreading the mixture uniformly over the 
entire area, and close the mold. The time available for pouring 
and closing the mold will be approximately 4 minutes from completion 
of stirring per par. 3*5.1* 
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3.6.2.2 Cure the unit at 175°F ± 5°F for 2 hour* minimum. 

3 .6.2.3 Any voids where wiring is exposed are to be filled per 
Fare, 3,6.3.A; F3.6.2.9/ i 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Visual inspection shall be performed using the naked eye. 

4.2 The cured foam shall be rigid, non-tacky, and have the 
same sise and shape as specified by the applicable drawing. Wiring 
may be visible but must be firmly imbedded in the cured foam. Wires 
which are visible must be coated with epoxy, .005 min. thk. per 

ND 1002004 Type V. 

4.3 Voids permissible providing wiring is not exposed. 

4.4 Qualification of materials. At the start of each 24 hour 
production period, a check of the materials shall be made regarding 
their ability to properly encapsulate. Test Method A shall be used 
as follows s 

4.4.1 Test Method A . The materials shall be mixed as specified 
in paragraph 3.5.1. All associated components (containers, jars, 
etc.) shall be kgpt in Q an environment in which the temperature is 
maintained at 81 F i 6 F for a minimum of 4 hours prior to testing. 

At least thirty five (35) grams shall be mixed. Twenty five (25) 
grams +0 gram -1 gram of the mixture shall be poured into an eight 
(8) ounce, wide-mouth, glass jar within sixty (60) seconds after 
mixing has been completed. (The glass jar shall have nominal inside 
dimensionss 2.375 N dia X 3.125** high). The mixture shall remain 
stationary and level until the foam has hardened (about 5-10 minutes). 
Care should be taken to set the glass jar on an insulating surface 
(foam pad) to reduce the transfer of heat through the glass. After 
the foam has hardened the dimension from the top of the foam crown 

to the top of the jar shall be measured. The resultant dimension 
shall fall within the ranges 1.25" to 0.80"• 

4.4.2 Test Method B . Test specimens shall be prepared by com¬ 
bining the material per paragraph 3.4.1. All associated components 
(containers, etc.) shall be kep£ in an environment in Which the 
temperature is maintained at 81°F ± 6°F for a minimum of 4 hours 
prior to testing. 95 ± 5 grams of this material shall be poured 
into a 1 pint round metal can approx, dim. 4“ high x 3 1/4 dia. and 
allowed to free blow and cure for a minimum of 1/2 hour. 
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PROCESS FOR * 

HfCAPSULATHfQ WITH SLOW REACTIHO FOLYURETHAHE FOAM 
SCOPE 

1.1 This specification defines the procedure far encapsulation of 
Tray A and Tray B (Dwgs 20Q3092 A 20Q3093) with a slow reacting polyurethane 
foam in order to protect the components from Mechanical shock and vibration# 

1.2 The foot system In this specification free fossa to a density of 6 
pounds per cubic foot. 

1.3 The low viscosity of the foam system and the fact that foaming will 
not commence up to four minutes after mixing at room temperature makes this 
system suitable for encapsulating large units having recesses otherwise 
difficult to reach for the conventional fast reacting polyurethane foams. 

2. APPLICABLE DOCIMERTS 

2.1 The following documents fons a part of this specification to the 
extent specified herein. 

SPECmCATKBIS 

Federal 

TT-M-261 Methyl - Ethyl - Ketone > 

HB-F- 67 I 1 Ifceon T.F. 

BRAKINGS 

NASA 

IOO 6396 Resin, Urethane Foam 

3. REQUIREMENTS 

3.1 Cleaning 

3.1.1 • Surfaces to be covered or contacted by the foam shall be clean and 
free of grease, oil, dirt, or other contamination which might adversely affect 
the adhesion of the foam. Use of Freon T,F. or other solvent# which show no 
attack on the assembly may be used. 
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3.2 Hold Preparation 

3.2.1 If used, tooling molds shall be cleaned by mechanical methods or 
chemically vith solvent such as methyl - ethyl - ketone. After cleaning, 
the molds shall then be coated vith a fluorocarbon base mold release agent 
vhich in no vay shall have a deleterious affect on the resin system before,* 
during, or after curing and vhich shall allov releasing cured foam from the 
poiri surface vithout damage to the unit or foam. 

3.3 Formulation of Materials 

3.3.1 The folloving formulation of materials shall be used. 

Resin Component per BCD IOO 6396 -I 100 parts by vt 

Curing Agent per SCD IOO 6396-2 90 parts' by vt 

3.4 AK5UHT OF FOAM REQUIRED 

3 .4.1 For free foam applications, the estimated veight of foam required 

shall be equal to the density in grams per cubic inch multiplied by the 
volume "V" in cubic inches or 1.3d x V grams. , 

HOTS: The free foam density of the foam is 6 pounds per 
cubic foot vhich converts to 1.38 grams per cubic 
inch. 

3.4.2 Tar closed mold applications, the maximum veight of foam required 
shall be equal to tvice the veight required for free foam applications i.e. 
3.l6xV grams. The minimum veight required shall be the same as far free foam 
applications i.e. 1.38 V grams. 

3.5 Mixing 

3.5.1 Add the required amount of curing agent to resin component at room 
temperature in the proportions specified in paragraph 3»3«1* Stir thoroughly 
by using a tongue depressor or equivalent for 30 + 10 seconds. 

HOTE: Do not machine mix because this vill result in much 
quicker foaming action, vhich vould make subsequent 
encapsulation difficult. . / . 
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3.6 Encapsulating. A two stags filling is used t# prevent the foam 

from seeping out at unsealed joints; i.e. around Naloo pins* 

HOTEt Preheating of the sold er unit shall not be allowed 
because this would result in a nuoh quicker f oaadng 
action uhidh would sake subsequent encapsulation 
difficult. 

3.6.1 First Stage 

3.6.1.1 Using a syringe or equivalent, fill area around Maloo pins with 

enough mixture for sealing as determined in 

3.6.1.2 Cure the mixture by allowing it to free foam at 175°F + 5°F for 2 
hours n1.n1.nun. 

3«6.1.3 Allow unit to oool to room temperature* 

3.6.1.4 Any voids where Malco insulators are still visible are to be filled 
using this sane free foan procedure. 

3*6.2 Second Stage 

3.6.2.1 Pour the required anount of mixture as detendned in 3*^*2 into 
the remaining cavity, spreading the mixture uniformly over the entire area, 
and close the mold. The tine available for pouring and closing the nold will 
be approximately 4 ninutes from completion of stirring par par* 3*5«1« 

3.6.2. 2 Cure the unit at 175°F±5° F for 2 hours mini him* 

4. QUALITY ASSURANCE PROVISIOKS 

4*1 Visual inspection shall be performed using the naked eye* 

4.2 The cured foam shall be rigid, notwtaoky, and have the sane sise and 
shape as specified by the applicable drawing* 

4.3 The cured foam shall have a uniform cell structure. Skin surfaces 
shell have no voids or holes greater than .040" in length or width and .010” 
in depth. In addition, there shall be no more than 5 holes per square inch 
whose longest dimension is larger than .010”* 

4.4 Scratches * 

4.4.1 *005 inch depth maximum allowable* 

4.4.2 *030 inch width maximum allowable* 

4.4.3 1 inch length maximum allowable* 

4.4.4 1st more than 2 scratches per square inch except those less than *005 
inch depth and 1/2 inch length shall not be cause for rejection* 
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the start of each 24 hour production 
made regarding their ability to 
A or Test Method B shall be used as 


k,5.1 Test Method A . The materials shall be mixed as specified in paragraph 
3.5*1* At least thirty five (35) grams shall be mixed* Twenty five (25) grams 
+ 0 gram - 1 gram of the mixture shall be poured into an eight (8) ounce, wide 
mouth, Jar. The mixture shall remain stationary and level until the foam has 
hardened (about 5-10 minutes). After the foam has hardened, the height of the 
foam be compared against the height of a standard, made in the same manner, 

from materials taken from freshly opened containers, newly received in-n°iuje* 

Such a standard shall be made for each lot of material. After the lot has been 
used up, the standard shall be discarded and a new one made for the next lot. 

The height of the sample shall be eqjual to the height of the standard with a 
tolerance of + 3$ 

' - 1 <* . ; : 

A.5.2 Test Method B. Test specimens shall be prepared by combining the^ 

material at room temperature per paragraph 3.5.1 introducing 80 + 5 grams of 
this material into a paper container with dimensions of 3 + 1/2 diameter and 
3 -1/4 inches minimum in height and allowing the sample to free blow and cure for 
a minimum of l/2 hour. After the l/2 hour cure is completed, a. sample of the 
foam shall be cut using the coring tool to a size convenient for measurement and 
examination. All skin shall be removed. The volume of this sample shall be a 
minimum of 1 -l/2 cubic inches. The resulting sample shall be measured to an _ 
accuracy of + .005 inch and weighed to an accuracy of + 0.1 grams. Itensity shall 
be calculated in pounds per cubic foot as follows: Density in grams/in x 3.009 
. Density in pounds/ft .3. Density at room temperature shall be 6 lbs + 10 ounces 

/f+3. The cured sample shall exhibit no excessive voids and shall have a uniform 
cell structure, the foam surface phall be firm and tack free and shall not be 
friable. 

4.5.3 If the sample does not meet the requirements of 4.8.1 or 4.8.2, _ 

whichever is used, the parent batch of materials used to make the sample shall 
not be used. 


5. NOTES 

5.1 ' Intended Use. The intent of potting or encapsulating computer-trays 

with polyurethane foam is to provide a lightweight insulating material which will 
maintain the spatial relationship between components and wiring when such trays 
are subject to conditions of vibration, shock, and acceleration. 
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3.1.3 Beryllium and its compounds are highly toxic. Adequate safety 
measures must be taken to protect against beryllium containing 
spray or solutions. 

3.1.4 The smoothness and final optical characteristics of the anodic 
coating is dependent upon the surface finish of the part and the 
part shall be adequately prepared before the anodic coating is 
applied. 

3.1.4.1 For Type I finishes, the anodic coating shall be applied to a dull 
surface finish on the beryllium yielding a matte dull black anodic 
finish. The dull surface finish on beryllium can be attained by 

immersion in a solution such as 40 per cent nitric acid, 2 per cent | 

hydrofluoric acid (by volume) for 30 to 60 seconds. This treatment 
prior to anodic treatment results in a dull black coating of an egg 
shell texture. An alternate procedure is to vapor blast the surface 
using aluminum grit 25 microns approx. The resultant dimensional 
change shall meet the requirements of paragraph 3.3.1. 

3.1.4.2 For Type U finishes the anodic ooatii« shall be applied to a shiny 
bright beryllium surface yielding a glossy mirror like jet black 
anodic finish. The shiny bright finish on beryllium can be attained 
by immersion in a chemical polishing solution. A typical solution is: 

100 gal 
5 1/2 gal 
23 gal 
115 lbs 
Ambient 

As required to meet require¬ 
ments of paragraph 3.3.1 

3.1.4.3 For Type m finishes the anodic coating shall be applied to the as 
machined beryllium surface. The resultant anodic finish may not be 
uniform and could vary from a dull to a shiny appearance. 


Phosphoric acid (85 per cent) 

Sulfuric acid 

Water 

Chromic acid 
Temperature 
Time 
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3.1.5 When visually examined the beryllium part shall be free from all 
visible defects and foreign matter which will be detrimental to the 
appearance and performance of the anodic coating. 

3.2 Materials 

3.2.1 The anodizing solution shall be an aqueous chromic acid solution, 
having a chromic acid concentration of not less thaw 10% nor more 
than 35% by weight. 

3.3 Detail Requirements 

3.3.1 Unless otherwise specified, the thickness of the applied anodic 
coating shall be . 0005 ± .0002 inch per surface, and the resultant 
dimensional loss shall not exceed 0.0001 inch per surface. For 
Type I and Type n coatings the additional dimensional loss due to 
surface preparation conforming to paragraph 3.1.4.1 and 3.1.4.2 
shall not exceed 0.00005 inch per surface. 

3.3.2 The applied anodic coating shall be capable of withstanding a tempera¬ 
ture of 300“ F without degradation or change of the color or surface 
condition of the anodic coating. 

3.3.3 The anodic coating shall be continuous, smooth, and adherent.. The 
uniformity of appearance (as noted in para. 3.1.4) is dependent upon 
the surface finish of the part. Visual examination shall disclose 
freedom from visible pits, porosity, powered areas and other defects. 
Suspect areas are to be examined under ten (10) power magnification 
to ensure freedom from defects. 

3.3.4 The anodic coating shall be of such quality to protect the basic metal 
so that slight or no corrosion attack is found when articles or separate 
specimens are subjected to the Anodic Coating Corrosion Resistant 
Test. Appearance of corrosion on corners, edges, points of contact 
or at specimen marking shall not constitute cause of failure. 
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9.3.5 Areas which are not to be anodized are to be marked with a suitable 
masking material such as a chemical milling maskant. The maskant 
material shall be removed completely after anodic treatment 
shall hare no deleterious effects on the beryllium. 

4 QUALITY ASSURANCE PROVISION 

4.1 Test Specimens 

4.1.1 Tests shall be performed either on the anodised beryllium parts or 
anodised beryllium test specimens. These test specimens shall be 
beryllium conforming to ND 1002125 and need not conform to the 
configuration of the end item, unless otherwise specified. The anodic 
coating on the anodised test specimens shall conform to all the detail 
requirements of paragraph 3.3. 

4.2 Tests 

4.2.1 Test specimens only shall be subjected to a temperature of 300* ± 10 # F 
for a period of 4 hoars. The color and luster of the anodic coating 
shall meet the requirements of paragraph 3.3.2. 

4.2.2 Test specimens, treated as specified, shall be subjected to a 5% 
salt-spray test in accordance with Method 811.1 of Federal Test 
Method Standard No. 151 except that the significant surface should 
be inclined approximately 6* from the vertical. Specimens shall be 
exposed for 48 hours. 

4.3 Inspection 

4.3.1 Visual 

4.3.1.1 Hie anodised parts and test specimens shall be visually inspected. 
Suspect areas are to be examined under ten (10) power magnification. 


Rev. A 









liilliillS 








APOLLO 

GAN SPECIFICATION 


ND 1002296 


4.3.2 Dimensional 




4.3.2.1 The dimensional change due to the anodic coating shall meet the 
requirements of paragraph 3.3.1. 

4.3.2.2 Dimensional check of thickness of anodic coating is acceptable if 
performed on test specimen. 


4.3.3 Finish 
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4.3.2 Dimensional 

4.3.2.1 The dimensional change due to the anodic coating shall meet the 
requirements of paragraph 3.3.1. 

4.3.2.2 Dimensional check of thickness of anodic coating is acceptable if 
performed on test specimen. 

4.3.3 Finish 

4.3.3.1 The anodised parts shall be inspected for oemplianee with surface 
finish, optical requirements and any other requirements specified on 
the drawing. 

4.3.4 Corrosion Resistance 

4.3.4.1 The anodised specimens shall be examined after salt spray exposure a 
and compared with u nexposed specimens for the effects on corrosion 
to determine compliance with 3.3.4. 

5. PREPARATION FOR DELIVERY 

3.1 The anodised parts shall be packaged in accordance with ND 1002215, Code 5. 

6. NOTES ' 

6.1 The anodic coating is mainly BeO with some metallic beryllium. A typical 
spectrographic analysis i n di c at es a minor amount of Chromium ( 1 to 10 percent) 
la present together with trace quantities fin the order of 0.001 per oent) of Fe, 
Ti, Si, Mg,and Al. The fact that the coating is black whereas BeO is normally 
white is believed to be due to the optical effect of the small particle aiae. 
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SPECIFICATION FOR 
BLACK ANODIZING OF BERYLLIUM 


1. SCpPE 

1.1 This specification covers the requirements for black anodizing 
beryllium to provide a corrosion resistant finish. 

TYPE I DULL FINISH • 

TYPE II GLOSSY FINISH 
TYPE III AS MACHINED FINISH 


2. APPLICABLE DOCUMENTS 

2.1 The following document 9 of the latest issue in effect on the 
date of invitation for bids, forms a part of this specification 
to the extent specified herein: 

ND 1002125 Procurement Specification Beryllium 
Shapes 9 Vacuum Hot Pressed 

3. REQUIREMENTS 

3.1 General Requirements 

3.1.1 The black anodic coating covered by this specifi¬ 
cation shall be applied to beryllium metal that 
meets the requirements of ND 1002125. 

3.1.2 Unless otherwise specified, the anodic coating 
shall be applied after all heat treatments and 
mechanical finishing operations, such as machining, 
brazing, forming, welding, etc. 

3.1*3 Beryllium and its compounds are highly toxic. 

Adequate safety measures must be taken to protect 
against beryllium containing spray or solutions. 
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3.1.4 The smoothness and final optical characteristics 

of the anodic coating is dependent upon the surface 
finish of the part and the part shall be adequately 
prepared before the anodic coating is applied. 

3.1.4.1 For Type I finishes,the anodic coating shall be 

applied to a dull surface finish on the beryllium 
yielding a matte dull black anodic finish. The 
dull surface finish on beryllium can be attained 
be immersion in a solution such as 40 oer cent 
nitric acid, 2 per cent hydrofluoric acid (by 
volume) for 30 to 60 seconds. This treatment 
prior to anodic treatment results in a dull black 
coating of an egg shell texture. 


3.1.4.2 For Type II finishes the anodic coating shall be 

applied to a shiny bright beryllium surface yield¬ 
ing a glossy mirror like jet black anodic finish. 

The shiny bright finish on beryllium can be attained 
by immersion in a chemical polishing solution. A 
typical solution is: 


Phosphoric acid (85 per cent) 

Sulfuric acid 

Water 

Chromic acid 

Temperature 

Time 


100 gal 
5 1/2 gal 
2 3 gal 
115 lbs 
Ambient 
As Required 


3.1.4.3 For Type III finishes the anodic coating shall be 
applied to the as machined beryllium surface. The 
v resultant anodic finish may not be uniform and could 

vary from a dull to a shiny appearance. 


3.1.5 When visually examined the beryllium part shall be 

free from all visible defects and foreign matter which 
will be detrimental to the appearance and performance 
of the anodic coating* 


w 
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3.2 Materials 

3.2.1 The anodizing solution shall be an aqueous chromic acid 

solution 9 having a chromic acid concentration of not less 
than 10% nor more than 351 by weight. 


3.3 


Detail Requirements 


3.3.1 


3.3.2 


3.3.3 


3.3.4 


Unless otherwise specified, the thickness of the applied 
anodic coating shall be .000S- 0002 inch per surface, and 
the resultant dimensional loss shall not exceed 9.00Q1 
inch per surface. 


The applied anodic coating shall be capable of withstanding 
a temperature of 300°F without degradation or carnage of the 
color or surface condition of the anodic coating. 


The anodic coating shall be continuous, smooth, and adherent; 
The uniformity of appearance (as noted in pgh3.1.4) is 
dependent upon the surface finish of tne part. Visual examin¬ 
ation shall disclose freedom from visible pits, porosity, 
powdered areas and other defects. Suspect areas are to be 
examined under ten(10) power magnification to ensure 
freedom from defects. 


The anodic coating shall be of such quality to protect the 
basie metal so that slight or no corrosion attack is found 
when articles or separate specimens are subjected to the 
Anodic Coating Corrosion Resistant Test. Appearance of 
corrosion on corners, edges, points o^ contact or at specimen 
marking shall not constitute cause of failure. 


3.3.5 Areas which are not to be anodized are to be masked with a 
suitable maskingnfaterial such as a chemical milling maskant. 

The maskant material snail be removed completly after anodic . 
treatment and shall have no deleterious effects on the beryllium. 


4. QUALITY ASSURANCE PROVISION 

4.1 Test Specimens 

4.1.1 Tests shall be performed either on the anodized beryllium parts 
or anodized beryllium test specimens. These specimens shall 

be beryllium from the same lot or pressing number as the fab¬ 
ricated parts, but need not conform to the configuration of the 
end item, unless otherwise specified. Tha anodid Odatinjf on 
the anodized test- specimens -shall conform trd allthe'det4il ' ot * 
requireiAenta of paragraph 3373V , ~ * * ! ’ c,lC 

wC w _ .1 i u jl - 1 ^ ri ap h 3 • j• 

4.2 Tests 

4.2.1 Test specimens only shall be subjected to a temperature of 
300°Jr 10°F for a period of 4 hours. The color and luster 
of tire anodic coating shall meet the requirements of pgh3.3.2. 
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4.2.2 Test specimens, treated as specified, shall be subjected to 
a 5% salt-spray test in accordance with Method 811.1 of 
Federal Test Method Standard No. 151 except that the signifi¬ 
cant surface should be inclined approximately 6° from the 
vertical. Specimens shall be exposed for 48 hrs. 

4.3 Inspection 

4.3.1 Visual ^ 

4.3.1.1 The anodized parts and test specimens shall be visually 
inspected. (Suspect areas are to be examined under ten 
(10) power magnification. 

4.3.2 Dimensional 

4.3.2.1 The dimensional change due to the anodic coating shall 
meet the requirements of paragraph 3.3.1. 

4.3.2.2 Dimensional check of thickness of anodic coating i8ft 
acceptable if performed on^test ^specimenw- >. 

4.3.3 Finish 

4.3.3.1 The anodized parts shall be inspected for compliance with 
surface finish, optical requirements and any other 
requirements specified on the drawing. 

4.3.4 Corrosion Resistance 

4.3.4.1 The anodized specimens shall be examined after salt spray ^ 
exposure and compared with unexposed specimens for the 
effects on corrosion to determine compliance with 3.3.4. 

Preparation for Delivery ' 

5.1 The anodized parts shall be packaged in accordance with 
ND 1002215, Code 5. 

Notes 

6.1 The anodic coating is mainly BeO with some metallic beryllium, 

]A typical spectrographic analysis indicates a minor amount of 

Chromium (1 to 10 per cent) is present together with trace 
quantities (in the order of 0.001 per cent) of Fe, Ti, Si, Mg, 
and Al. The fact that the coating is black whereas Be^ is ^ Q— 
normally white i6 believed to be due to the optical effect df 
the small particle size. 
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AP0LL6 G&N Specification 
ND1002299 REV B 


4. QUALITY ASSURANCE PROVISIONS 

5.1 GENERAL. Testing of the PSA shall consist of Recertification Testii* or Minimum 
Retests but not both. Additional testing may be specified by the ARRO. 

4.2 RECERTIFICATION TESTING. Unless otherwise specified by the ARRO. the PSA shall 
be subjected to testing as follows: 

a. When the Header Assembly (Drawing 2007093) is replaced by one that has not been 
subjected to the Workmanship-Vibration test, all tests specified in Specification 
PS2007200 shall be performed. 

b. When the Header Assembly is not replaced, o t replaced by one that has been sub¬ 
jected to the Workmanship-Vibration test, all tests specified in Specification 
PS2007200, except the Workmanship-Vibration test, shall be performed. 

4.3 MINIMUM RETEST. The PSA shall be subjected to the applicable test(s) listed in Table 
I only when Minimum Retest is specified by the AERO. Figure 1 may be used as a reference 
to locate the specified modules. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 
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APOLLO GAN Specification 
ND1002299 REV - 


1. SCOPE 

1.1 PURPOSE. This specification establishes the test requirements for repaired GFP Block n 
Power and Servo Assemblies, hereafter called the PSA, which have been returned for repair 
or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (ARRO) and as authorized 
by NASA/RASPO. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 

APOLLO GAN 

ND1002214 General Specification for Preservation, Packaging, 

Packing and Container Marking of APOLLO Guidance 
i and Navigation Major Assemblies, Assemblies, Subassemblies, 
Parts and Associated Ground Support Equipment 

PS2007200 * Procurement Specification, Product Configuration and 

Acceptance Test Requirements, Power and Servo Assembly, 
Drawing No. 2007200 


DRAWINGS 

APOLLO GAN 


2007093 


Header Assembly PSA (C/M) 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Testing of the PSA shall consist of Recertification Testing or Minimum 
Retests but not both. Additional testing may be specified by the ARRO. 

4.2 RECERTIFICATION TESTING. Unless otherwise specified by the ARRO, the PSA shall 
be subjected to testing as follows: 

a. When the Header Assembly (Drawing 2007093) is replaced, all tests specified 
in Specification PS2007200 shall be performed. 

b. When the Header Assembly is not replaced, all tests specified in Specification 
PS2007200, except the Workmanship-Vibration test, shall be performed. 

4.3 MINIMUM RETEST. The PSA shall be subjected to the applicable test(s) listed in Table 
I only when Minimum Retest is specified by the ARRO. Figure 1 may be used as a reference 
to locate the specified modules. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 
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2007123 

Optics Relay Module (J12) 


2007123 

Optics Relay Module (J13) 


2007123 

Optics Relay Module (J14) 


2007093 

Header Assembly 


APOLLO GAN Specification 
ND1002299 REV¬ 


ILE I (Cont.) 


APPLICABLE TEST PARAGRAPH 
IN SPECIFICATION PS2007200 

4.3.18.6, 4.3.19.1, 4.3.19.7, 4.3.20.1, 4.3.22, 

4.3.2 (Table H, 46J7-D6 to 45J4-C15 and 45J7-D5 
jg-i$ J4-B15 _ 

4.3.19.1, 4.3.19.2, 4.3.19.3, 4.3.19.4, 

4.3.19.7, 4.3.19.8, 4.3.19.9, 4.3.20.1, 

jLa.20,2. 4.3.20.3. 4.3.20,4. 4.3.20.7 _ 

4.3.18.1, 4.3.18.3, 4.3.18.4, 4.3.18.6, 

4.3.19.10. 4.3.20.9 _ 


All tests in PS2007200 
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APOLLO G&N Specification 
ND1002300 REV B 


4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Testing of the PSA shall consist of Recertification Testing or Minimum 
Retests but not both. Additional testing may be specified by the ARRO. 

4.2 RECERTIFICATION TESTING. Unless otherwise specified by the ARRO, the PSA shall 
be subjected to testing as follows: 

a. When the Header Assembly (Drawing 6007003) is replaced by one that has not been 
subjected to the Workmanship-Vibration test, all tests specified in Specification 
PS6007200 shall be performed. 

b. When the Header Assembly is not replaced, or replaced by one that has been sub¬ 
jected to the Workmanship-Vibration test, all tests specified in Specification 
PS6007200, except the Workmanship-Vibration test, shall be performed. 

4.3 MINIMUM RETEST. The PSA shall be subjected to the applicable test(s) listed in Table 
I only when Minimum Retest is specified by the ARRO. Figure 1 may be used as a reference 
to locate the specified modules. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 
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APOLLO G&N Specification 
ND1002300 HEV - 


4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Testing of the PSA shall consist of Recertification Testing or Minimum 
Retests but not both. Additional testing may be specified by the ARRO. 

4.2 RECERTIFICATION TESTING. Unless otherwise specified by the ARRO, the PSA shall 
be subjected to testing as follows: 

a. When the Header Assembly (Drawing 6007003) is replaced, all tests specified 
in Specification PS6007200 shall be performed. 

b. When the Header Assembly is not replaced, all tests specified in Specification 
PS6007200, except the Workmanship-Vibration test, shall be performed. 

4.3 MINIMUM RETEST. The PSA shall be subjected to the applicable test(s) listed in 
Table I only when Minimum Retest is specified by the ARRO. Figure 1 may be used as a 
reference to locate the specified modules. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 
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TABLE I 

MINIMUM RETEST REQUIREMENT 


REPLACED 

MODULE 

APPLICABLE TEST PARAGRAPH 

IN SPECIFICATION PS6007200 

6007114 

G&N Subsystem Supply Filter 

4.3.3,4.3.4.b(3) 

2007109 

AAC Filter & MV, 3200 cps 

4.3.4 

2007108 

Amplifier. 3200 cps. 1% 

4.3.4 

2007112 

AAC Filter & MV. 800 cps 

4.3.5a(l); 4.3.5.b(l), (2); 4.3.5.c(l) 

2007110 

Amplifier. 800 cps. 1% 

4.3.5.a(l); 4.3.5.b(l), (2); 4.3.5.c(l) 

2007111 

Amplifier, 800 cps, 5%, 0A 

4.3.5.a(l), (2), (3); 4.3.5.b(l), (2), (3); 

4.3. S.c(l), (2), (3) 

2007111 

Amplifier. 800 cps. 5%. 0B 

4.3.5 (all) 

2007132 

IMU Load Comp Module 

4.3.5. a, 4.3.5.c 

2007114 

IG Gimbal Servo Amplifier 

4.3.8.1; 4.3.8.2. a, b, c; 4.3.8.3; 4.3.8.4; 
4.3.2 

2007114 

MG Gimbal Servo Amplifier 

4.3.9.1; 4.3.9.2. a, b, c; 4.3.9.3; 4.3.9.4; 
4.3.2 

2007114 

OG Gimbal Servo Amplifier 

4.3.10.1; 4.3.10.2.a,b,c; 4.3.10.3; 4.3.10.4; 
4.3.2 

2007123 

Relay Module 

4.3.8.2. a, b, c; 4.3.8.3; 4.3.8.4; 4.3.9.2. a, b, c; 
4.3.9.3; 4.3.9.4; 4.3.10.2. a, b, c; 4.3.10.3; 

4.3.10.4; 4.3.2 (Table I, 45J19-A21 to 
45J19-B21, 45J19-B8 to 45J19-B7) 

2007117 

IMU Auxiliary Module 

4.3.2 (Table I, 45J19-A21 to 45J19-B21, 

45.T19-B8 to 45J19-B7); 4.3.7; 4.3.8.2. d, e,f; 

4.3.9.2. d. e. f: 4.3.10.2. d. e. f; 4.3.11 

2007107 

-28 VDC Power Supply 

4.3.6 

6007003 

Header Assembly 

All tests in PS6007200 
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APOLLO G&N Specification 
ND1002301 REV - 


1. SCOPE 

1.1 PURPOSE. Thia specification establishes the test requirements for repaired GFP 
Series 100 Power and Servo Assemblies, hereafter called the PSA, which have been 
returned for repair or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (ARRO) and as author¬ 
ized by NASA/RASPO. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to 
the extent specified herein. 

SPECIFICATIONS 

APOLLO G&N 

ND1002214 General Specification for Preservation, Packaging, Packing 

( and Container Marking of APOLLO Guidance and Navigation 
Major Assemblies, Assemblies, Subassemblies, Parts 
Associated Ground Support Equipment 

ATP1007570 Assembly Test Procedure for the Power and Servo 

Assembly 
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APOLLO GAN Specification 
ND1002304 REV - 


4. QUALITY AS8URANCE PROWIONS 

4.1 GE NERAL. Tenting of the IMU shall oooalat o t Recertification Te.tlng or Minimum 
Botwta, but aot both. Additional tooting any bo opacified by tbo ARBO. 

4.1 RECERTIFICATION TESTING. Untoto othorwlo. specific by tbs ARBO, the IMU shall 
ta ad^cnjd to^l of the following JDC'o. An aotorlok following i. JDc3b.7lnTl.lilV 
Indicates that the JDC U for remove. UaUllMlc, or assembly .ad . h .u be m 

roqulrod prior to, or oubooquoat to. performing tests specified In the other JDC’o. 


JDC091M* 

JDC09200* 

JDC09206* 

JDC09207* 

JDC09208* 

JDC09209* 

JDC09210* 

JDC09211* 

JDC09212* 

JDC09213 

JDC09854 

JDC09856 

JDG09858 

JDC09881 


JDC09865 
JDC 11339 
JDC 11340 
JDC20002 
JDC20003 
JDC20004 
JDC20005 
JDC20008 
JDC20007 
JDC20008 
JDC 11379 
JDC20011 
JDC20013 
JDC20014 


4.3 MINIMUM RETEST. The IMU shall ba tasted as 
Retest la specified by the ARBO. * 


la Table I only when Minimum 




So NOTES 


S.l JDC CROSS REFERENCE, 
is provided for reference only. 


The following cross reference of JDC'e by number and title 


Number 

09022 

09197 

0919S 

09199 

09200 

09203 

09203 

09207 

09208 

09209 

09210 


Title 

^Continuity and DC Resistance That 
Heat Exchanger Leak Test 

IRIG Installation Procedure 
Continuity Test 
PIP Installation Procedure 
Heater Control Calibration 
Assembly of Middle Gimbnl 
Assembly of Outer Qimbal 
Assembly of Connector Mounts 
Assembly of Case Cover 
Removal of Case Cover 
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APOLLO GAN Specification 
ND1002309 REV - 


1. SCOPE 

1.1 PURPOSE. This specification establishes the test requirements for repaired GFP Signal 
Conditioner Assemblies C/M Flight-Qual, hereafter called the SCA, which have been returned 
for repair or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. - Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (AHRO) and as authorized 
by NASA/RASPO. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


General Specification for Preservation, Packaging, 

( Packing and Container Marking of APOLLO Guidance 
and Navigation Major Assemblies, Assemblies, Sub- 
assemblies, Parts and Associated Ground Support 
, Equipment 

Procurement Specification, Product Configuration 
and Acceptance Test Requirements, Signal Conditioner 
Assembly C/M Flight Qual, Drawing No. 2007235 


Header Assembly Signal Conditioner, C/M Flight-Qual 


APOLLO GAN 
ND1002214 

PS2007235 

DRAWINGS 

APOLLO GAN 
2007271 
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APOLLO GfiN Specification 
ND1002309 REV - 


1. SCOPE 

1.1 PURPOSE. This specification establishes the test requirements for repaired GFP Signal 
Conditioner Assemblies C/M Flight-Qual, hereafter called the SCA, which have been returned 
for repair or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. - Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (ARRO) and as authorized 
by NASA/RASPO. 

2. APPLICABLE DOCUMENTS 


2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. 


SPECIFICATIONS 
APOLLO GW 
ND1002214 


PS2007235 


DRAWINGS 

APOLLO G&N 
2007271 


General Specification for Preservation, Packaging, 
t Packing and Container Marking of APOLLO Guidance 
and Navigation Major Assemblies, Assemblies, Sub- 
assemblies, Parts and Associated Ground Support 
, Equipment 

Procurement Specification, Product Configuration 
and Acceptance Test Requirements, Signal Conditioner 
Assembly C/M Flight Qual, Drawing No. 2007235 


Header Assembly Signal Conditioner, C/M Flight-Qual 


/ 
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APOLLO G&N Specification 
ND1002309 REV - 


3. REQUIREMENTS 

3.1 TEST CONDITIONS. Teat conditions for the SCA shall be as specified in PS2007235. 

3.2 REPLACEMENT SUBASSEMBLIES. Only subassemblies that have met the requirements 
of their applicable procurement specifications shall be used as replacement subassenfclies. 

3.3 PRECAUTIONS. The situations which led to the repair or replacement of a nonconforming 
subassembly may also have induced a malfunction in other subassemblies. Before proceeding 
with retest of the SCA, detailed investigation is required regarding the proper operation of all 
subassemblies which interact with the nonconforming unit. 



APOLLO G&N Specification 
ND1002309 REV - 


4. QUALITY ASSURANCE PROVISIONS 


4.1 GENERAL. Testing of the SC A shall consist of Recertification Testing or 
Retests, but not both. Additional testing may be specified by the ARRO 


4.2 RECERTIFICATION TESTING, 
be subjected to testing as follows: 


Unless otherwise specified by the ARRO, the SCA «t»«n 


When the Header Assembly (Drawing 2007271) is replaced, all tests specified in 
Specification PS2007235 shall be performed. 


b. 


Wien the Header Assembly is net replaced, all tests specified in Specification 
PS2007235, except the Workmanship-Vibration test, shall be performed. 


4.3 MINIMUM RETEST. The SCA shall be subjected to the 
Table I only when Minimum Retest is specified by the ARRO. 
reference to locate the specified modules. 


applicable test(s) listed in 
Figure 1 may be used as a 


TABLE I 

TEST SELECTION 


REPLACED 

COMPONENT 

applicable test paragraph 

_IN SPECIFICATION PS200723S 



PIPA and IRIG 
fDwsr No. 20072311 

*•*•4* 4.3.5, 4.3.12 (Assembly 

section!! Bl. B2, B3. B5. B6. and B7 onlvl 


4.3,4, 4.3.5, 4.3.12 (All assembly 
sections exceDt D5. D 6 . and Dill 

Torque Motor 6 IX Sine Gimbal 
- Resolvers fDwar No. 20072391 

4.3.4, 4.3.5, 4.3.12 (All assembly 

D sections) 


4.3.4, 4.3.5, 4.3.12 (Assembly 
sections El through E 6 onlvl 

120V PIPA Sup. IRIG Temp. 
fDwe No. 20072411 

4.3.4, 4.3.5, 4.3.12 (Assembly 
sections FI and F2 oniv) 

Header Assembly 
(Dwz No. 20072711 

Complete Specification P 82007235 


5. PREPARATION FOR DELIVERY 


5.1 GENERAL. Preparation for delivery shall be in accordance with 
Specification P82007235 and Specification ND1002214. 


paragraph 4.3.1 of 


6 . NOTES. None. 
JD/jls 
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2007233- 


P/N 2007231- 


P/N 

2007230 


P/N 

2007240 


P/N 

2007241- 


P/N 2007235- 


MODULE LOCATION, C/M FLIGHT QUAL SC A 


FIGURE 1 
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APOLLO GAN Specification 
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1. SCOPE 


1.1 PURPOSE. Thla specification establishes the test requirements for repaired QFP LEM 
Flight-Qual Signal Conditioner Assemblies, hereafter caUed the SCA, which have been returned 
for repair or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (ARRO) and as authorized 


2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


APOLLO GAN 
ND1002214 


PS6007010 


DRAWINGS 

APOLLO GAN 
6007016 


General Specification for Preservation, Packaging, 
Packing and Container Marking of APOLLO Guidance 
and Navigation Major Assemblies, Assemblies, Sub- 
assemblies, Parts and Associated Ground Support 
Equipment 

Procurement Specification, Product Configuration 
and Acceptance Test Requirements, Signal Conditioner 
Assembly, LEM Flight-Qual, Drawing 6007010 


Header Assembly, Signal Conditioner, LEM Flight Qual 



APOLLO GAN Specification 
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1. SCOPE 

1.1 PURPOSE. This specification establishes the test requirements for repaired GPP LEM 
Fltght-Qual Signal Conditioner Assemblies, hereafter called the SCA, which have been returned 
for repair or replacement of nonconforming subassemblies. 

1.2 DEVIATIONS. Deviations from the requirements of this specification are permitted 
without waivers only as specified in the Apollo Repair Retest Order (ARRO) and as authorized 
by NASA/RASPO. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


APOLLO GAN 
ND1002214 


PS6007010 


DRAWINGS 

APOLLO GAN 
6007016 


General Specification for Preservation, Packaging, 
Packing and Container Marking of APOLLO Guidance 
and Navigation Major Assemblies, Assemblies, Sub- 
assemblies, Parts and Associated Ground Support 
Equipment 

Procurement Specification, Product Configuration 
and Acceptance Test Requirements, Signal Conditioner 
Assembly, LEM Flight-Qual, Drawing 6007010 


Header Assembly, Signal Conditioner, LEM Flight Qual 
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3. REQUIREMENTS 

3.1 TEST CONDITIONS. Test conditons for the SC A shall be as specified in Specification 
PS6007010. 

3.2 REPLACEMENT SUBASSEMBLIES. Only subassemblies that have met the requirements 
of their applicable procurement specifications shall be used as replacement subassemblies. 

3.3 PRECAUTIONS. The sitautions which led to the repair or replacement of a nonconforming 
subassembly may also have induced a malfunction in other subassemblies. Before proceeding 
withretest of the SC A, detailed investigation is required regarding the proper operation of all 
subassemblies which Interact with the nonconforming unit. 



APOL.LO GAN Specification 
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3. REQUIREMENTS 

^ ™ ST CONDITIONS. Teat conditona for the SCA ahaU be aa specified in Specification 
PS6007010. 


5.2 REPLACEMENT SUBASSEMBLIES. Only subassemblies that have met the requirement, 
of their applicable procurement specification, shall be used aa replacement subassemblies. 

3.3 PRECAUTIONS. The sltautlons which led to the repair or replacement of a nonconforming 
subassembly may also have Induced a malfunction In other subassemblies. Before proceeding 
wlthretest of the SCA, detailed Investigation Is required regarding the proper operation of all 
aubaaaembllea which interact with the nonconforming ««n» 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Testing of the SCA shall consist of Recertification Testing or Minimum 
Retests, but not both. Additional testing may be specified by the ARRO. 

4.2 RECERTIFICATION TESTING. Unless otherwise specified by the ARRO, the SCA shall 
be subjected to testing as follows: 

a. When the Header Assembly (Drawing 6007016) Is replaced, all tests specified In 
Specification PS6007010 shall be performed. 

b. When the Header Assembly Is not replaced, all tests specified In Specification 
PS6007010, except the Workmanship-Vibration test, shall be performed. 

4.3 MINIMUM RETEST. The SCA shall be subjected to the applicable test(s) listed In Table 
I only when Minimum Retest Is specified by the ARRO. Figure 1 may be used as a reference 
to locate the specified modules. 


TABLE I 

TEST SELECTION 


REPLACED/REPAIRED 
_£QMPPNENT 

APPLICABLE TEST PARAGRAPH 

IN SPE CIFICATION PS6007010 

Gimbal Resolver 

_<Dwg No. 20072301_ 

4.3.4, 4.3.5, 4.3.13 (Assembly sections 

Al through A6 onlvl 

PIPA and IRIG 
fDwsr No. 20072311 

4.3.4, 4.3.5, 4.3.13 (Assembly sections 

Bl. B2. B3. B5. B6. and B7 onlvl 

DAC, PIPA Temp and 2.5V Bias 
fDwar No. 20072331 

4.3.4, 4.3.5, 4.3.13 (All Assembly 
sections except 07.08. FI. F2. and F3 

Torque Motor and IX Sine Gimbal 
_Resolver (Dwg Wo. 20072391_ 

4.3.4, 4.3.5, 4.3.13 (All assembly D sec¬ 
tions. assemblv sections FI. F2. It F31 

ISS CDU Fine Errors 
fDwa No. 60070111 

4.3.4, 4.3.5, 4.3.13, (Assembly section 

FI through F5 onlvl 

Radar Resolvers and 120V PIPA 
— Supply (Dwg No. 60070121_ 

4.3.4, 4.3.5, 4.3.11, 4.3.13 (Assembly 
sections El through E5 onlvl 

Header Assembly 
fDwar No. 60070161 

Complete PS6007010 


4 
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5. PREPARATION FOR DELIVERY 


5.x GENERAL. Preparation for delivery shall be In accordance 
Specification PS6007010 and Specification ND1002214. 


with paragraph 4.3.1 


of 


«. NOTES. None. 
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Catastrophic failures only, shall bo removed from the tost sequence ot the 
point o£ detection end subjected to failure analysis. The point in the test sequence 
3.3* 1 whore the failure was detected must be recorded end e set of electrical readings 
as specified in Paragraph 3.3.2.3 shall be performed. All electrical failures at the 
end of the test sequence 3.3.1 shall be subjected to failure analysis except the 
Incoming marginal failures as defined in 6.2.3 (a), may be returned to the vendor* ' 
All non-catastrophic failures shall remain in the test until completion of (n) test 
#13 in test sequence 3.3.1. All failures at (t) test #la shall be removed from use 
but not subjected to failure analysis. 


isual Inspection 


Bach lot of transistors shall be subjected to an 
in accordance with MIL-S1D-750, method 2071. 


external visual inspection 


ensjon. Lead Tension < 


A mlnlimn of 3 samples of transistors ohnll be subjected to the physical' 
dimension examination of HIL-STD-750, method 2066. The units shall be subjected 
to the lead tension and lead fatigue tests in accordance with MIL-S iD-75G 
2036 conditions A and B and to the requirements of the specification control 
drawings. The units subjected to the lead tension end lead tests are to 

be forwarded to test #17 of the test sequence 3.3.1. 


I USmEj 


The entire lot except the devices in 3.3.2.2 shall be subjected te the 
following tests in the given order: 

Collector-emitter saturation voltage at 150 me 
DC current gain at 10 me , 

DC current gain at 150 me 
f-i Emitter-base breakdown voltage 

Collector-emitter threshold current 
Collector-emitter breakdown voltage 
Collector-emitter sustaining voltage 
Ease-emitter saturation voltage at 500 me 

Turn-on, turn-off time is to be performed on a sample basis to e .651 
AQL to the limits end conditions specified in Specification Control Drawing 1006323. 



* 
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voltage applied at a temperature of 25* ± 5*C for a period of 72 t 8 houra. 

3.3.2.12 Gain Measurement (Test til) 

DC Current gain at lOma as defined in Specification Control 
Drawing 1006323* shall be measured. 

3*3*2^13 Internal Visual Inspection 

The internal visual inspection shall be performed on the 25 units 
from teat #16, paragraph 3.3.2.15 and 3 samples from test #2, paragraph 3.3.2.2. 

3.3.2.14 Vib ration Test 

The vibration test shall be performed on a random sample of 
25 units. The vibration test shall be performed in accordance with MIL-STD-750, 
Method 2056, 30 g's from 5' to 2000 cps limited to 0.12 inch double amplitude, 

3 cycles, 15 minutes per cycle minimum. 

3.3.2.15 Shock Test 

The shock test shall be performed on the same units tested in 
% 3.3.214 The shock test shall be performed in accordance with MIL-STD-750, 

Method 2016, 1500 g's, 0.5 msec, 5 blows in all axis directions, 30 blows 
total. 


3.3.2.16 teC.p»»l>tlon 

All transistors shall tat ttenpfluLtttd par paragraph 

or. aha 1*1 a* 

Xlifc tlu a • : ju.' . i - ~t ftlu-fc 

tlu*. -4? tht eiiniiuc* sli&lh uvc , t ply. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

In order to assure proper control of the acceptance process covered 
by this specification, the contractor shall meet all the requirements speci¬ 
fied herein and shall provide continuous audit of the acceptance process to 
assure compliance with the requirements tf this specification. 

4.1.1 Inspection 

The contractor, through his quality assurance or control agency 
shall be responsible for the performance of all inspection requirements and 
test specified herein. 

iJL F4ILVRE CRITERIA 

A.2.1 Failure Analyst* 

All transistors failing in the electrical tests specified in 


$ 
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3 ’ 3,2 * 13, * nd #16 > exce P t th « noncataatrophic failure* as 

defined in 6.2.3 (a), and (c)) shall be subjected to a failure analysis suf¬ 
ficient to identify cause and node of failure. For failure definitions refer 
to section 6.2. 


4.1.1 Mlw Modii Sbmpibgt . 


vupir • 


« JO .,1 . ... . After f * ilur * oil failure, detected at teat 

FJ, #9, #11, and #13 of test sequence 3.3.1, except induced failures shall be 
grouped as described below and the percentage failure for the lot in each group 
shall be determined. r 


Croup 0 - Test #3 


Non-catastrophlc failures as defined in 6.2.3 (a) 
and switching time failures. 


GROUP I 


1 . 

2 . 

3. 

4. 
3 . 
6 . 

1. 

8 . 

9. 

10 . 
11 . 


Open bonds due to poor metal adhesion to silicon or silicon dioxide. 

Open bonds due to underbonding (insufficient pressure and/or temperature). 

Open bonds due to overbonding (excessive pressure and/or temperature)exclusive 
of thinning of lead wires of ultrasonic or wedge bonding. 7 

Opens in lead vires due to nicks, cuts or crimps in lead wires. 

Opens due to chip becoming detached from the header. 

Collector to emitter shorting and/or opening of leads due to the V 

test or secondary breakdown at first electrical test. , ^ ... CEO(Sust) 

failures due to cracked chip. 

Non-catastrophlc failures due to surface instabilities. 

Emitter-to-base shorts detected at first electrical test due to bonds makins 
contact to each other. 

Short., Intermittent or oth.nrta., detected at firat electrical teat due to 
free lead matarial or fixed ext.a lead, designed Into the device. 

hpnd. detected at firat electrical teat dud to formation of lnt.r- to 

metallic compounds of aluminum and gold. 


GROUP II 


2 . 

3. 

4. 

5 . 

6 . 
7. 


!. h r^ 'V” ,urf * ce or * d «* of *•“ «* l P. «*> the can or ho.d.r, 
or to each other due to excessive lead length. 

Leads shorting to the chip because of insufficient post height. 

Shorting after first electrical test due to secondary breakdown 
detected because of a device fault. 

Catastrophic failures due to surface instabilities. 

Shorts through the silicon dioxide due to poor oxide dielectric strength. 

Shorts, intermittent or otherwise, due to particles in the package. 

Shorts, intermittent or otherwise, due to free lead material or fixed 
extra leads or lead smterial. 


2 
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NOTE! If the leads were designed into the device and the short was not 

detected at first electrical test, the failure falls into this 
category. 

8. Open bends detected after first electrical test due to formations of 
internetallic compounds of aluminum and gold. 

9. Emitter to base shorting detected after first electrical test due to 
bonds making contact to each other. 

10. Open bonds for any cause detected after first electrical test where a 
substance has been put over the bonds and this substance was the only 
means of making electrlaal contact. 

11. Opens due to excessive thinning of lead wires at the base of the bond. 

fiBQjg- IH. 

1. Any failures, except induced failures, not listed above or any failures 
for an unknown cause. 


TABLE I 


Test Number 

(See Para. 3.3.1) 

^MAXIMUM PERCENTAGE OP FAILURES 

Group 0 

Group I 

Group II 

Group III 

3 

9 & 13 

2X 

B 

0.5* 

0.2* 

0 

0 

*If the number of unit failures allowable is calculated to be a 
number, a combination of an integer, and a fraction, use the in 

mixed 

teger only. 


TABLE II 


Test Number (See Paragraph 3.3.1) 

Lead bend and fatigue 

#2 

1 defective 

Dimension 

#2 

1 defective 

Leak Test 

#5 

2* 

Leak Test 

*6 

2* 

Gain Measurement 

#11 

1 defective 

Internal Visual 

#17 

2 defective 

Electrical Test 

#16 

1 defective 












A.1 REJECTION CRITERIA 

4.3.1 Lot Rejection 
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The failures of a shipment lot shall be classified as specified in 4 4 2 
such that the failures can be identified with the groupings specified in 4 4 3 
The Maximum allowable percentages of failures from test number 3, 9, and 11 of’ 
paragraph 3.3.1 according to the failure mode groupings of 4.2.3 are given in 
Tabie !. The maximum allowable percentage of failures from test numbers 256 
li, i6, and 17 of paragraph 3.3.1 are given in Table II where the failure 
definitions are given in 6.2. Failure to meet any one of the maximum allowable 
percentages of table I and II, failure to meet the A.Q.L. of the sampling test 
or failure to comply with the test sequence of 3.3.1 the test procedures 332* 
the flight qualification requirements of 4.4, or the data requirements of 4 5 * 
shall be cause for lot rejection. 

4.3.1.1 Conformance to ND 1015404 


w« i«,c?57 C iS B ? r ! °f * ny violation of Previously agreed to contractor-supplier 
KD 1015404 Critical Process" list without prior notification automatically fails 

«^K? nt ^ e K l0t * of * UCh deviati011 “ u8t by the contractor to MIT/IL 

within 24 hours of disclosure. 


4,4 FLIGHT QUALIFICATION 

4.4.1 Fl ight Qualified Hardware 

A transistor is flight qualified when the lot, of which the transistor is 
part is not rejected according to 4.3.1 and the transistor does not fail any test 
of the test sequence of paragraph 3.3.1. Lots that failed the criteria of this 
specification cannot be resubmitted for flight qualification without waiver 
Failures occurring after ^capsulation shall not affmot tkm ilightot 
tuallfieatio* cr it aria *£ ths. lot. 


4.4.1.1 Failure Traceability 


Any transistor failure detected in qualified flight hardware must be 
traceable to a lot as Identified in paragraph 3.2.1. 


4.4.2 Q ualification Report 


f1 ,. t I" 0 "? 1 " “ f * the acceptance or rejection of a lot a. 

flight qualified ahall be forwarded to MIT/IL prior to uae in deliverable end 
items. The report shall Include the following: 


a. A copy of the summary of the supplier's Quality Demonstration test. 

b. A summary of screen and burn-in data and a detailed list of the 
screen and burn-in results which includes the number of failures 
during test sequence 3.3.1. 

c. A failure report of all electrical failures, by unit serial number 
including induced failures, as specified in 4.2.1 which includes: 

cl. Photographs of each category of each photographable 
failure. A minimum of two photographs for each 
category is required where more than one exists. 


ft 
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6.2.1 Lot 


A lot Is defined as a group of transistors submitted by a vendor in 
compliance with 1006323. All serialised units of sad. lot oust be Jdmntlf inbld 
to that lot. 

6.2.2 Catastrophic Failures 

A catastrophic failure is defined as any device iri.ich fails tlie else* 
trieal tests by twice the maximum or one half the min-tr-nm limits as specified in 
Table II of BCD 1006323. 

Won-Catastrophic Failures 

Bono-catastrophic failure is any device which cannot be classed os a 
catastrophic failure by definition 6.2.2 but which fails according to the defi¬ 
nitions described belowi 

A. A non-catastrophic failure at test 3.3.2.3 exceeds the limits of Table 
ZZ of Specification Central Drawing 1006323 and does not become a catas¬ 
trophic failure during teat sequence 3.3.1. 

b. A non-catas trophic failure at test 3.3.2.4 exceeds the limits described 
in 3.3.2.4 but does not become e catastrophic taiiur* (6.2.2). 

c. A non-catastrophic failure at test 3.3.2.12 exceeded e change in DC 
current gain by ± 20% in teat sequence 3.3.1 teat #9 end test #11. 

&q.4i-Induced Failures 

An Induced failure is e catastrophic failure which through failure analysis 
can be proven to be caused by exceeding the stress limits of Specification Control 
Drawing 1006323. 

6.2.5 Leak Teat Failures 

A failure at teat #5 or #6 of paragraph 3.3.1 is failure to meet the 
leak teat limits as specified in Specification Control Drawing 1006323, end failure 
criteria of KIL-SXD-202C, method 112, test condition A. 

—- External Visual Inspection Failures 

A failure at teat #1 of paragraph 3.3.1 is a failure to meet the visual 
end mechanical examination criteria of Specification Control Drawing 1006323. 

kjlal _Ehysical Dimension Failures 

The physical dimension failures of test #2 of paragraph 3.3.1 is e 
package which does not meet the physical dimension criteria of specification con¬ 
trol drawing 1006323. 
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3.3.2 (Test #3. #9, #11. #13, and #16) except the non-catastrophic failures as 
defined in 6.2.3 (a), and (c; shall be subjected to a failure analysis sufficient to 
identify cause and mode of failure. For failure definitions refer to section 6.2. 

4.2.2 Failure Mode Groupings 

After failure analysis, all failures detected at test #3, #9, #11, 
and #13 of test sequence 3«3»1, except induced failures shall be grouped as described 
below and the percentage failure for the lot in each group shall be determined. 

Group 0 - Test #3 

Non-catastrophic failures as defined in 6.2.3 (a) and 
switching time failures. 

GROUP I 

1. Open bonds due to poor metal adhesion to silicon or silicon dioxide. 

2. Open bonds due to underbonding (insufficient pressure and/or temperature). 

3. Open bonds due to overbonding (excessive pressure and/or temperature) exclusive 
of thinning of lead vires of ultrasonic or wedge bonding. 

4. Opens in lead wires due to nicks, cuts or crimps in lead wires. 

5. Opens due to chip becoming detached from the header. 

6. Collector to emitter shorting and/or opening of leads due to the V CEO (Sust) 
test or secondary breakdown at first electrical test. 

7. Failures due to cracked chip. 

8. Non-catastrophic failures due to surface and/or bulk instabilities. 

9. Bnitter-to-base shorts detected at first electrical test due to bonds making contact 
to each other, lead material shorting across metalization, or excessive metallization. 

10. Shorts, intermittent or otherwise, detected at first electrical test due to free 
lead material or fixed extra leads designed into the device. 

11. Open bonds detected at first electrical test due to formation of intermetalllc 
compounds of aluminum and gold. 

GROUP II 

1. Leads shorting to the surface or edge of the chip, to the can or header or to 
each other due to excessive lead length. 

2. Leads shorting to the chip because of insufficient post height. 

3. Shorting after first electrical test due to secondary breakdown detected because 
of a device fault. 

4. Catastrophic failures due to surface and/or bulk instabilities. 

5. Shorts through the silicon dioxide due to poor oxide dielectric strength. 

6. Shorts, intermittent or otherwise, due to particles in the package. 

7. Shorts, intermittent or otherwise, due to free lead material or fixed extra leads 
or lead material. 
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MOTE: If the leads were designed into the device and the short was not 

detected at first electrical test, the failure falls into this 
category. 

8. Open bends detected after first electrical test due to formations of 
intermetallic compounds of aluminum and gold. 

9. Emitter to base shorting detected after first electrical test due to 
bonds making contact to each other, lead material shorting across metali- 
zation, or excessive metalization. 

10. Open bonds for any cause detected after first electrical test where a 
8ubstance has been put over the bonds and this substance was the only 
means of making electrical contact. 

11. Opens due to excessive thinning of lead wires at the base of the bond. 

SRPUF III 

1. Any failures, except induced failures, not listed above or any failures 
for an unknown cause. 


TABLE I 


Test Number 

^MAXIMUM PERCENTAGE OF FAILURES 

(See Para. 3.3.1) 

Group 0 

Group I 

Group II 

Group III 

3 

2% 

mm 

0.5% 

0 

9 & 13 


Bl 

0.2% 

0 


*If the number of unit failures allowable is calculated to be a mixed 
number, a combination of an integer, and a fraction, use the integer only. 


TABLE II 


Test Number (See Paragraph 3.3.1) 

Lead bend and fatigue 

#2 

1 defective 

Dimension 

#2 

1 defective 

Leak Test 

#5 

2% 

Leak Test 

#6 

2% 

Gain Measurement 

#11 

1 defective 

Internal Visual 

#17 

2 defective 

Electrical Test 

#16 

1 defective 
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1. SCOPE 

1.1 PURPOSE. This specification covers the process for the fabrication and inspection 
of solid phenolic impregnated glass fiber cloth parts. 

1.2 CLASSIFICATION. The requirements for the process covered by this specification 
shall be designated as ND100231 fr-001. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified, Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

Federal 

TT-I-735 Isopropyl Alcohol 

O-T-634, Type II Trichloroethylene, Stabilized 

TT-M-00261 Methyl Ethyl Ketone: For Use In Organic Coatings 

DRAWINGS 

APOLLO GAN 

1008907 Phenolic Resin-Glass doth Laminating Material 

1008904 Epoxy-Phenolic Glass-Supported Film Adhesive 

STANDARDS 

Federal Test Method 

406 Plastics, Organic, General Specification Test Method 

(Copies of specifications, standards, drawings, bulletins, and publications required by 
suppliers in connection with specific procurement functions should be obtained from the 
procuring activity or as directed by the contracting officer. > 
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3. REQUIREMENTS 

3.1 SPECIAL MATERIALS AND EQUIPMENT 

3.1.1 Parte Agent* 

3.1.1.1 Wax. "Lusterless" No. 1738, Liquid or Paste, 8. C«. Johnson ft Son, Inc. 

3.1.2 Dope-Cellulose Acetate. 

3.1.3 Silicone Resin. R-671, Dow Corning Company. 

3.2 PARTING FILM. Cellophane, 300 MAT-2, E. L DuPont De Nemours, Incorporated. 

3.3 SPIKED ROLLER. Any suitable shop perforating tool with spikes approximately 0.050 
inch in diameter and spaced approximately 1/2 inch apart. 

3.4 MOLD BLEEDER MATERIAL 

3.4.1 Canvas. Commercial Grade. 

3.4.2 Glass Cloth. Commercial Grade. 

3.4.3 Wood Fiber Mat. Tufflex, 1/2 inch thick UX200 (Fire Retardant), Wood Conversion 
Company. 

3.5 BAG SEALING MATERIALS 

3.5.1 Masking Tape. No. 200, Minnesota Mining and Manufacture Company.. 

3.5.2 Double-Coated Masking Tape #401. Minnesota Mine and Manufacture Company. 

3.5.3 Sealing Compound. No. 5110, Schnee-Morehead Polymer Corporation or No. 57916 
Presstite, Presstite Division, American Marietta Company. 

3.6 BAG MATERIALS 

3.6.1 Polyvinyl Chloride or Polyvinyl Alcohol Film. Reynolon 0.003 and 0.006 inch film, 
Reynolds Metal Company. 

3.6.2 Mylar. 0.003 inch film, E. L DuPont De Nemours Inoprporated. 

3.7 "RIP" STRIP MATERIALS 

a. Unimpregnated 181 or 143 Glass Cloth 

b. Impregnated 181 or 143 Glass Cloth 

NOTE: The cloth shall be impregnated with the same resin 
system that is used in the lay-up. 
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3.8 GLOVES. White cotton, commercial grade. 

3.9 EQUIPMENT 

a. Heat Iron, Model TF Thermosealer, Wells Mfg. Company 

b. Hot Air Blower, Model 12300, Master Appliance Company 

3.10 MOLDS. Molds may be either male or female, metallic or non-metallic or any 
combination. If basically porous materials are used, they shall be so treated to be impervious 
to aiT at curing temperatures and pressures. The mold material surface shall be completely 
non-reactive with the laminating resin and shall cause no inhibition of cure, discoloration or 
acceleration of cure. The mold surface shall be smooth and relatively free of pits and defects. 

3.11 PROCEDURE 

3.11.1 Cleaning and Preparation Of Molds 4, 

3.11.1.1 Cle aning . Residual parting agents and resin shall be removed from the mold surfaces 
with steel wool followed by surface wiping with dean rag wet with MEK, trichloroethylene or 
alcohol per Specifications TT-M-00281, O-T-634, Type H, and TT-I-735, respectively. 

3.11.1.2 Parting Agents. Parting agents shall be used to facilitate removal of the cured part 
from the mold. A thin, even coating of the parting agent shall completely oover the surface 

of the mold. Parting agents shall be allowed to dry before the lay-up is made. 

Silicone resin parting agents when used shall be cured to a hard gloss film by one of the followii* * 
cure cycles: 

a. 16 hours at 300*F 

b. 8 hours at 350*F 

c. 4 hours at 400 # F 

d. 2 hours at 425*F 

e. 1 hour at 450°F 

f. 1/2 hour at 475 # F 

The cured silicone resin film should be renewed when release of parts becomes unsatisfactory. 

3.12 LAMINATING 

3.12.1 Lay-Up. The impregnated fabric. Drawing SCD1008907, which has been cut to size shall 
be laid up one ply at a time. Each ply of cloth shall be smoothed out with a heat iron to prevent 
wrinkling, to ensure dose oontact with the surface of die mold and to prevent entrapment of air 
within die laminate. 

Care shall be used when applying the heat iron in order to prevent scorching of the fabric, 
and to prevent excessive flow of the resin. The heat iron shall be kept in motion at all times 
when in contact with the surface of the assembly. 


4 



APOLLO GAN Specification 
ND1002315 REV * 


A hot air blower may be used if the impregnated fabric is too stiff or difficult to form. The 
application of the hot air will make the fabric more pliable, and it will improve the tack of 
the material. When applying hot air blower, use care so as not to overheat or soorch the 
fabric. 


3.12.2 Splicing of Plies. Splicing in individual plies may be made unless specifically prohibited 
by the engineering drawing. When splicing of plies becomes necessary, an overlap of one inch 
minimum shall be maintai n ed. A minimum lateral distance of two inches shall be held between 
splice edges in successive plies whenever practical. Where the configuration of the part 
requires tailoring splices and a minimum of one inch overlap cannot be maintained, the tailor¬ 
ing splices shall be made with a minimum overlap of 0.25 inch. Ihickness buildup due to 

these splices shall be considered when the parts are inspected per 4.4. 

3.12.2.1 Butt Joints. Butt joints shall be custom tailored as the ply is laid, taking care the 
underlying ply is not cut. A strip of teflon sheet may be used as a cutting support. A properly 
made butt joint will not gap. Layup of butt joints having gaps greater than o. 050 inch »nd 2 
inches in length for each 10 inches of splice will be cause for corrective action. A minimum 
lateral distance of 2 inches shall be held between splice edges in successive plies wherever prac¬ 
tical. Pleats, gathering, fold-overs, wrinkling, or any form of over-lap are prohibited during 
layup unless specifically called out on the engineering drawing. 

3.12.3 Orientation of the Cloth. The warp direction of the cloth as specified on dm engineering 
drawing shall be isotropic, parallel, or optional. 

Isotropic lay-up of the cloth shall be in accordance with Table L 

Parallel warp lay-up shall be nested, faoe to face and back to back. It is not necessary to 
nest other type lay-ups. 

When a drawing or other directive does not specify the type lay-up, the type used shall be 
optional. 
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TABLE I 

ISOTROPIC LAY-UP 


TOTAL NUMBER 
OF PLIES* 

ANGLE BETWEEN 
WARP OF SUCCESSIVE 
PLIES** 

NUMBER OF PLIES 

IN EACH ANGLE 
DIRECTION 

3 

•0* S3* 

1 

4* 

45* *3* 

1 

5 

36* S3* 

1 

6 

60* S3* 

*,2,2 

7 

60* *3* 

3,2,2 

8 

60* ±3* 

3,3,2 

9 

60* *3* 

3,3,3 

10 

60* ±3* 

4,3,3 


♦The eleventh, and subsequent plies, shall be laid-up SO* with the number 
of plies in each angle calculated as shown for 6 through 10 plies. 

**Hie angle of warp between successive plies shall be obtained with a pro¬ 
tractor. 

3.12.4 Parting Film. A sheet parting film, shall be perforated and laid on the part 
covering the entire surface. 

The parting film shall be perforated by rolling a spiked roller, over die surface as indicated 
in Figure 1. 
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Denotes 
Direction 
of Rolling 



ROLLER DIRECTION 
FIGURE 1 

The smooth surface of the perforated parting film shall be placed next to the surface of the 
part. 


& 12.5 Pressure Plates. When it is probable that the impregnated cloth will wrinkle during 
the cure of the laminated part a pressure plate may be used over the area in which it might 
occur. 

The pressure plate shall be assembled on the lay-up of the part after the perforated parting 
film and one layer of bleeder material have been assembled on the part. 

A rigid sheet material, with perforations approximately 1/16 inch in diameter and no more 
than 1/8 inch apart, shall be used for the fabrication of pressure plates. Care shall be taken 
to Insure open perforations by drilling out any holes that become filled with cured resin. 

3.12.6 Vacuum Facilities. Each mold, shall have one vacuum outlet far every four square 
feet, or less, of the surface of the part. 

3.12.7 Bleeder Lay-up. The entire part, vacuum outlets, and springs, shall be covered with 
the bleeder material, large enough to allow its edges to lie flat against the mold. The bleeder 
material shall also be placed around the periphery of the part. 

Bleeder material 8hall be as specified and shall be of a total thickness equal to that of the 
part, except where the contour of the part may cause bridging or otherwise interfere with 
uniform distribution of vacuum pressure. Combinations of bleeder material may be required 
to ensure uniform effective pressure and of sufficient thickness to ensure good bleeding action. 
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Bleeder material shall not be hazardous and shall be a material that is fire-retardant 

3.12.8 Bagging. The entire lay-up shall be placed in a flexible bag. This bag may completely 
enclose the lay-up and the mold, or the lay-up may be bagged by sealing the bagging material 
against the mold. 

3.12.9 Application of Vacuum. A vacuum shall be drawn slowly to allow the bag to oonform to 
the surface of the part without bridging and to minimise wrinkling of the bag material on the 
surface of the part. 

A minimum of 25 inches of mercury vacuum pressure shall be maintained on the part from the 
time it is first applied until the part has been completely cured. Bagged parts shall be leak 
tested at the beginning of the cure cycle as follows: 

a. Shut the vacuum line between the gage and the vacuum pump. 

b. Observe vacuum gage for indication of leak. A vacuum drop of 1 inch or less in 
1 minute is satisfactory. If the vacuum drop is greater, the leak shall be found 
and repaired. 

3.13 CUBE CYCLE. Unless otherwise specified the bagged assembly shall be plaoed into an 
air circulating oven, and cured at a glue line temperature as shown below: 

a. 180 to 210 minutes at 180" ±10*F 

b. 30 to 45 minutes at 240* ±10*F 

c. 30 to 45 minutes at 260* ±10*F 

d. 30 to 45 minutes at 280* ±10*F 

e. 30 to 60 minutes at 300* ±10*F 

NOTE: The cure shall be continuous from a. through e. 

Thermocouples and indicators shall be used to record the temperature required in 3. 13 
Placement of the thermocouples shall depend on the size and configuration of the assembly 
to be cured. 

The cure temperature of an assembly shall be controlled by the use of standard glue line 
versus oven air temperature curves. The standard curves shall have been determined for 
each type of metal mold and each oven used. When this standard curvs is used, the thickness 
of the part may vary from the standards by a maximum of 4 plies. 

(For Example: a 12 ply standard curve may be used for curing of parts having a thickness 
of 8 to 16 plies.) 

An alternate method for the control of cure temperatures shall be by a thermocouple placed 
between the center plies of the trim area of each laminate. 
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If loss of vacuum occurs during the 180* ±10*F cycle, the bag may be repaired and the cure 
cycle resumed. Loss of vacuum after this cycle shall be cause for rejection of the part. 

3.14 POST CURE. The cured laminates may be removed from the molds and the bag material 
stripped off. The laminates shall be post cured in an air circulating oven at 350* ±10*F for 2 to 
4 hours. 

A cured laminate which has a configuration that would tend to warp shall be left on the mold 
with the bag and bleeder material left in place. The post cure time shall be extended at 
350* ±10*F for 3 to 5 hours and shall be conducted under vacuum. 

3.15 SECONDARY BONDING. Cured laminated parts which are to be bonded shall be joined 
using Drawing SCD1008904 adhesive. 

3.16 FINISHING LAMINATE BUILD-UP. - When necessary, parts may be machined to meet 
print dimensions, Sanding of surfaces or edges shall be allowed when it is necessary to 
prepare surfaces for subsequent processing or to remove excess resin at mold parting lines. 

Sanding which results in fraying of surface glass fibers shall be cause for rejection of the part 

NOTE: Sanding through a ply is considered a reduction in laminate thickness and a 

deviation from the drawing except where design and fabrication methods require 
machining through a ply. 
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4. QUALITY ASSURANCE 

4.1 TEST SPECIMENS. If the configuration of the part is such that test specimens cannot be 
cut from the part, one parallel warp, 10 ply control panel 8 inches by 8 inches (181 glass cloth) 
shall be fabricated with each assembly in accordance with the procedures of this specification 
and submitted to the tests outlined in 4.2. The control panel shall be fabricated using the same 
material from the same roll, molded under the same blanket and post-cured with the part it 
represents. 

A single test laminate may be used to represent more than one part when more than one part 
is cured in a single mold. The test laminate must be 1 aid-up, under the same blanket, and 
contain materials from the same lot of fabric as the part which it represents. 

4.2 FLEXURAL STRENGTH. A minimum of 3 flexure specimens shall be tested to the 
requirements of Federal Test Method 406, Method 1031. 

4.2.1 Specimen Preparation. Machine specimens with length parallel to wrap within A3 
percent. The ends of the specimens shall be parallel to each other within AO. 005 inch. 

4.2.2 Test Results. The average of the 3 specimens shall be 50,000 psi minimum. Failure 
to meet the requirements shall be cause for rejection of the part(s) affected. 

4.3 INSPECTION. Inspection shall maintain a check on all processes of fabrication to insure 
conformance of all applicable specifications and engineering drawings. 

Inspection shall maintain records on all parts. Items to be recorded are outlined as follows: 

a. Glass fiber cloth - Vendor's roll number 

b. Assembly time, start and finish, and date 

c. Mold vacuum check at start of cure cycle. Inches of mercury (paragraph 3.2.9). 

d. Cure cycle, start and finish, time and temperature. 

e. Post cure, time and temperature, start and finish, and date (paragraph 3.4) 

f. Completion (time and date) 

g. Flexural Test Results (see 4.2) 

4.4 THICKNESS OF LAMINATE. Thickness requirements for laminates shall be as specified 
on the engineering drawing. Thickness requirements for laminates of 181 fabric shall be 
0.010A0.001 inch per ply when applicable drawings do not specify thickness. 

4.5 ACCEPTABLE WRINKLES. Areas which do not form a portion of the mold surface and 
which have wrinkles may be accepted without repair if wrinkles do not exceed the following 
limits, and if the part after machining does not reflect evidence of voids. 

a. Intruding wrinkles shall not be below maximum thickness of drawing as measured 
from the mold surface. 
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b. Protruding wrinkles shall not exceed in height, one-half the thickness of the laminate* 
(prior to machining) and shall not show evidence of delamination or voids. 

4. 6 First Article Inspection. Hie first laminate of each design shall be submitted to the 
First Article Inspection Oommittee for evaluation. This evaluation may inclnde disassembly 
of the laminate. 

If the first article is not satisfactory, additional parts shall be evaluated until the oommittee 
is satisfied with all phases of its production. 

If changes are made in methods of production or tooling, the first article affected shall be 
submitted to the First Article Inspection Committee for evaluation. 

The First Article Inspection Committee shall consist of representatives from both the customer and 
the supplier. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. ' 

6. NOTES. None. 


JHH:efo 
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1. SCOPE 


1.1 PURPOSE. This specification covers processes for the fabrication and <n«p«vtlon of 
various resin Impregnated fiber cloth systems. 

1.2 CLASSIFICATION. The requirements for the processes covered by this specification 
shall be designated as follows: 


a. Process I (ND1002315-001) To be used In fabricating SCDl008907 material. 

b. Process II (ND1002315-002) To be used in fabricating SCD1008917 material. 

2. APPUCABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Specifications 
shall be the Issue In effect on the date of request for proposal or Invitation to bid. 

SPECIFICATIONS 


Federal 

TT-I-735 i Isopropyl Alcohol 

O-T-634, Type II Trichloroethylene, Stabilized 
TT-M-00261 Methyl Ethyl Ketone: For Use in Organic Coatings 

DRAWINGS 1 

APOLLO GfiN 
1008907 
1008917 


Phenolic Resin-Glass Cloth laminating Material 

Phenolic Resin-Refractory Silica Cloth 
Material 


STANDARDS 


Federal Test Method 


406 Plastics, Organic, General Specification Test Method 

(Copies of specifications, standards, drawings, bulletins, and publications required by suppliers 
in connection with specific procurement functions should be obtained from the procuring activity 
or as directed by the contracting officer.) 
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3. REQUIREMENTS 

3.1 SPECIAL MATERIALS AND EQUIPMENT 

3.1.1 Parting Agents 

3.1.1.1 Wax. '’Lusterless” No. 1738, Liquid or Paste, S.C. Johnson ft Son, Inc. 

3.1.2 Dope-Cellulose Acetate 

3.2 PARTING FILM. Cellophane, 300 MAT-2, E.L DuPont De Nemours, Incorporated. 

3.3 SPIKED ROLLER. Any suitable shop perforating tod with spikes approximately 0.050 
inch in diameter and spaced approximately 1/2 inch apart. 

3.4 MOLD BLEEDER MATERIAL 

3.4.1 Canvas. Commercial Grade 

3.4.2 Glass Cloth. Commercial Grade 

3.4.3 Wood Fiber Mat. Tuffiex, l'/2 inch thick UX200 (Fire Retardant), Wood Conversion 
Company or equivalent. 

3.5 BAG SEALING MATERIALS ' ' 

3.5.1 Masking Tape. No. 200, Minnesota Mining and Manufacturing Company or equivalent. 

3.5.2 Double-Coated Masking Tape #401. Minnesota Mining and Manufacturing Company or 
equivalent. 

3.5.3 Sealing Compound. No. 5110, Schnee-Mo rehead Polymer Corporation or No. 57916 
Presstite, Presstite Division, American Marietta Company or equivalent. 

3.6 BAG MATERIALS 

3.6.1 Polyvinyl Chloride or Polyvinyl Alcohol Film. Reynolon 0.003 and 0.006 inch film, 
Reynolds Metal Company. • 

3.6.2 Mylar. 0.003 inch film, E. L DuPont De Nemours Incorporated. 

3.7 EQUIPMENT 

a. Heat Iron, Model TF Thermosealer, Wells Mfg. Company or equivalent. 

b. Hot Air Blower, Model 12300, Master Appliance Company or equivalent. 
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3.8 MOLDS. Molds may be either male or female, metallic or non-metallic or any 
combination. If basically porous materials are used, they shall be so treated to be impervious 
to air at curing temperatures and pressures. The mold material surface shall be completely 
non-reactive with the laminating resin and shall cause no inhibition of cure, discoloration or 
acceleration of cure. The mold surface shall be smooth and shall have 6^ finish, maximum. 

3.9 PROCEDURE 

3.9.1 Cleaning and Preparation of Molds 

3.9.1.1 Cleaning. Residual parting agents and resin shall be removed from the mold surfaces 
with steel wool followed by surface wiping with clean rag wet with MEK, trichloroethylene or 
alcohol per Specifications TT-M-00261, O-T-634, Type H, and TT-J-735, respectively. 

3.9.1.2 Parting Agents. Parting agents shall be used to facilitate removal of tbs cured part 
from the mold. A thin, even coating of the parting agent shall completely cover the surface 
of the mold. Parting agents shall be allowed to dry before the lay-up is made. 

3.10 LAMINATING 

3.10.1 Lay-Up. The impregnated fabric, which has been cut to size shall be laid up one ply 
at a time. Each ply of cloth shall be smoothed out with a heat iron to prevent wrinkling, to 
ensure close contact with the surface of the mold and to prevent entrapment of air within the 
laminate. Care shall be used when applying the heat iron in order to prevent scorching of the 
fabric, and to prevent excessive flow of the resin. The heat iron shall be kept in motion at 
all times when in contact with the surface of the assembly. 

A hot air blower may be used if the impregnated fabric is too stiff or difficult to form. The 
application of the hot air will make the fabric more pliable, and it will improve the of 

the material. When using a hot air blower, extreme care shall be talma so m not to overheat:or 
scorch the fabric. 

3:10; 3 Splicing of Plies— 

9« 10,9* 1 Overlap Joints. Overlap joints in individual plies may be made unless specifically pro¬ 
hibited by the engineering drawing. When overlapping of plies becomes necessary, a one inch 
minimum shall be maintained. : A minimum lateral distance of two inches shall be held between lap 
edges in successive plies whenever practical.: Where the configuration of the part requires tailorii^ 
splices and a minimum of one inch overlap cannot be maintained, the tailoring splices shall 
be made with a minimum overlap of 0.25 inch. Thickness buildup due to these splices shall 
be considered when the parts are inspected per 4.1.4, and 4.2.4. 

3.10.2.2 Butt Joints. Butt joints shall be custom tailored as the ply is laid, ca re the 

underlying ply is not cut. A strip of teflon sheet may be used as a cutting support. A properly 
made butt joint will not gap. Layup of butt joints having gaps greater than 0.050 inch g 
inches in length for each 10 inches of splice will be cause for corrective action. A minimum • 
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lateral distance of 2 inches shall be held between splice edges in successive plies wherever 
practical. Pleats, gathering, fold-overs, wrinkling, or any form of over-lap are prohibited 
during layup unless specifically called out on the engineering drawing. 

3. 10 .3 Orientation of the Cloth. The warp direction of the cloth as specified on the engineering 
drawing may be isotropic, parallel, or optional. 

3. 10 .3 .1 Isotropic lay-up of the cloth shall be in accordance with Table I. 

3.10.3.2 Parallel warp lay-up may be nested (i. e., face to face and back to back). 

3.10.3.3 When a drawing or other directive does not specify the type lay-up, the type used 
shall be optional. 


TABLE I 

ISOTROPIC LAY-UP 


TOTAL NUMBER 

OF PLIES* 

ANGLE BETWEEN 
WARP OF SUCCESSIVE 
PLIES** 

NUMBER OF PLIES 

IN EACH ANGLE 
DIRECTION 

3 ♦ 

' 60* ±3* 

1 

4 

45* ±3* 

1 

5 

36° ±3* 

1 


' 60° ±3* 

2 , 2,2 


* 60* A3* 

3,2,2 

* 

60* i 8 ¬ 

3,3,2 


60* ±3* 

3,3,3 

- 

60* ±3* 

4,3,3 


|The eleventh, and subsequent plies, shall be lald-up 60* with the number 
I of plies in each angle calculated as shown for 6 through io plies. 


I**The angle of warp between successive plies shall be obtained with a pro- 
I tractor. 


3. 10 . 4 Parting Film. A sheet parting film, shall be perforated and laid oe the part covering 
the entire surface. The parting film shall be perforated by rolling a spiked roller over the 
surface of the parting film. The perforations produced shall be approximately 1/4 inch spacing. 
The smooth surface of the perforated parting film shall be placed next to the surface of the part. 

3. 10 .5 Pressure Plates. When it is probable that the impregnated doth will wrinkle v ^ 

the cure of the laminated part a pressure plate may be used over the area in which it might 
occur. The pressure plate shall be assembled on the lay-up of the part after the perforated 
parting film and one layer of bleeder material have been assembled on the part. A rigid sheet 
material, with perforations approximately 1/16 inch in diameter and no more than 1/2 inch 
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apart, shall be used for the fabrication of pressure plates. Care shall be taken to insure open 
perforations by drilling out any holes that become filled with cured resin. 

3.10 .6 Vacuum Facilities. Each mold, shall have one vacuum outlet for every four square 
feet, or less, of the surface of the part. 


3.10.7 Bleeder Lay-Up. The entire part and vacuum outlets, and aprings, if used, shall ± 
be covered with the bleeder material, large enough to allow its edges to lie flat against the 
mold. The bleeder material shall also be placed around the periphery of the part. Bleeder 
material shall be as specified and shall be of a total thickness equal to that of the part, except 
where the contour of the part may cause bridging or otherwise interference with unifora distri¬ 
bution of vacuum pressure. Combinations of bleeder material may be required to ensure uni¬ 
form effective pressure and of sufficient thickness to ensure good bleeding action. 


3.10.8 Bagging. The entire lay-up shall be plaoed in a flexible bag. This bag may completely 
enclose the lay-up and the mold. When the mold is too large, the bagging material may be' 

ed J°* a ? eXp °?® d 8urface mold in 8ucb 8 fashion as to provide complete enclosure over 
*ne part to be molded. 


3.10.9 Application of Vacuum. A vacuum shall be drawn slowly tp allow the bag to eon- 
fora to the surface of the part without bridging and to minimize wrinkling of the bag material 
on the surface of the part. A minimum of 25 inches of mercury vacuum pressure shall be 

* hetlme,tl * f,r8t mtU the p«t h** teen completely cured. 

Bagged parts shall be leak tested at the beginning of the cure cycle as follows: 


a. Shut the vac uum line between the gage and the vacuum pim p, 

b. Observe vacuum gage for indication of leak. A vacuum drop of 1 inch or less 
in l minute is satisfactory. If the vacuum drop is greater, the leak be 
found and repaired. 


3 .11 CURE CYCLE. When laminating with phenolic-glass material per SCD1008907, Process 
I cure schedule shall be used. If laminating with phenolic-silica material per SCD1008917, 
Process H cure schedule shall be used. 


3 . 11.1 Process I Cure Schedule. ? i > k iv.L . ir. - ^ 

3.11.1.1 Unless otherwise Specified the bagged assembly shall be placed into 
oven, and cured at a glue line temperature as shown below: 


an air circulating 


a, 180 ; to 210 minutes;at 180* * 10 °F 

b, 30 fo 45 minutes at; 240* *10*F 
30 fo 45 minutes at; 260* ±10° F 
30 to 45 minutes at 280* * 10 *F 

e. 30 to 60 minutes at 300* *10°F 


NOTE: The cure shall be continuous from a. throng 
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3.11.1.3 Thermocouples and indicators shall be used to record the temperature required 
in 3.11.1.1 Placement of the thermocouples shall depend on the size and configuration of 
the assembly to be cured. Where several parts are in a single oven, cure,the thermocouple 
shall be attached to the largest mold mass for controlling temperature. 

3.11.1.3 The cure temperature of an assembly shall be controlled by the use of standard 

glue line versus oven air temperature curves. The standard curves shall have been determined 
for each type of metal mold and each oven used. When this standard curve is used, the thick¬ 
ness of the part may vary from the standards by a maximum of 4 plies. 

(For Example: a 12 ply standard curve may be used for curing of parts having a 
thickness of 8 to 16 plies.) 

3.11.1.4 An alternate method for the control of cure temperatures shall be by a thermocouple 
placed between the center plies of the trim area of each laminate. 

3.11.1.5 a loss of vacuum occurs during the 180* «0*F cycle, the tag may be repaired and 
the cure cycle resumed. Loss of vacuum after this cycle shall be cause for rejection of the 


3.11.2 Process n Cure Schedule 

- t * . 

3.11.2.1 Unless otherwise specified the bagged assembly shall be placed into an air circulating 
oven, and cured at a glue line temperature as shown in Figure 1. 


3.11.2.2 Where several parts of various sizes are in a single oven cure operation, the control 
thermocouple shall be attached to the largest mold mass for controlling temperature per 3.11.2. 


CAUTION: It is recommended that 2 thermocouples be used at the control 
point. This is to insure continued operation should one thermo¬ 
couple fail. 


3.11.2.3 If Iona of vacuum occurs during the 18<r ± 10 *F cycle, the tag may be repaired and the 
cure cycle resumed. Loss of vacuum after this cycle shall be cause for rejection of the part. 

8.12 POST CURE. Both Process I and n cured parts shall to post cured. 


3.12.1 The cured laminates 
before post cure. 


may be removed from the molds and the bag material stripped off 


3.12.2 A cured laminate which has a configuration that would tend to warp shall to left on the 
“on Pre “ Ure * «*■ PO« cure may be on. continuous opera- 


3.12.3 The laminate shall be post cured in an air circulating oven at 360* *10*F for 2 to 4 hours. 
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3.13 FINISHING LAMINATE BUILD-UP 

3.13.1 When necessary, parts may be machined to meet print dimensions. Sanding of 
surfaces, or edges shall be allowed when it is necessary to prepare surfaces for subsequent 
processing or to remove excess resin at mold parting lines. 

Sanding which results in fraying of surface glass fibers shall be cause for rejection of the part. 

NOTE: Sanding through a ply is considered a reduction in laminate thickness and a 
deviation from the drawing except where design and fabrication methods 
require machining through a ply. 
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4. QUALITY ASSURANCE 

4.1 PROCESS I 

4. 1.1 Test Specimens. If the configuration of the part is such that test specimens cannot be 

cut from the part, one parallel warp, 10 ply control panel 8 inches by 8 inches shall be 
fabricated in accordance with the procedures of this specifioetlott and submitted to the tests 
outlined in 4.1<2. i The control panel shall be fabricated using the same material from the: d 
same roll, molded during the same cure operation and pOst-cured with the part arparts it t- cur 
represents. u ,-. t . 


4.1.2 Flexural Strength. A minimum of 3 flexure specimens shall be tested to the require¬ 
ments of Federal Test Method 406, Method 1031. 

4.1.2.1 Specimen Preparation. Machine specimens with length parallel to warp within ±3 
percent. 

4.1.2.2 Test Results. The average of the 3 specimens shall be 50,000 psl minimum. Failure 
to meet the requirements shall be cause for rejection of the parts affected. 

4.1.3 Inspection. Inspection shall maintain a check on all processes of fabrication to insure 
conformance of all applicable specifications and engineering drawings. 

4.1.3.1 Inspection shall maintain records on all parts. Items to be recorded are outlined 

as follows: * - \ 

a. Glass fiber cloth - Vendor's* roll number * 

b. Assembly time, start and finish, and date 

c. Mold vacuum check at start of cure cycle. Inches of mercury (paragraph 3. i©. ©) 

d. Cure cycle, start and finish, time and temperature 

e. Post cure, time and temperature, start and finish, and date (paragraph 3. fi) 

f. Completion (time and date) 

g. Flexural Test Results (see 4.1.2.2) 

4.1.4 Thickness of Laminate. Thickness requirements for laminates shall be as specified on 
the engineering drawing. Thickness requirements for laminates of 181 fabric shall be 

0.01040.001 inch per ply when applicable drawings do not specify thickness. 

4.2 PROCESS fi 

4.2.1 Test Specimens. If the configuration of the part is such that test specimens cannot be 
cut from the part, one parallel warp, 10 ply control panel 8 inches by 8 inches shall be 
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fabricated in accordance with the procedures of this specification and submitted to the tests 
outlined in 4.2.2 The control panel shall be fabricated using the same material from the 
same roll, molded during the same cure-operation and post-cured with the part or parts 
it represents. 

4.2.2 Flexural Strength. A minimum of 3 flexure specimens shall be tested to the require¬ 
ments of Federal Test Method 406, Method 1031. 

4.2.2.1 Machine specimens with length parallel to warp within ±3 percent. 

4.2.2.2 The average of the 3 specimens shall be 15,000 psi minimum. Failure to meet 
the requirements shall be cause for rejection of the parts affected. 

4.2.3 Inspection 

4.2.3.1 Inspection shall maintain a check on all processes of fabrication to insure confor¬ 
mance to all applicable specifications and engineering drawings. 

4.2.3.2 Inspection shall maintain records on all parts. Items to be recorded are outlined 
as follows: 

a. Phenolic Impregnate^ Refrasil fiber cloth - Vendor's roll number 

b. Assembly time, start and finish, and date 

c. Mold vacuum check at start of cure cycle. Inches of mercury (paragraph 3.10.9) 

d. Cure cycle, start and finish, time and temperature 

e. Post cure, time and temperature, start and finish, and date 

(paragraph 3.12) 

f. Completion (time and date) 

g. Flexural Test Results (See 4.2.2.2) 

4.2.4 Thickness of Laminate. Thickness requirements for laminate* shall be as specified 
on the engineering drawing. Thickness requirements for laminates of Refrasil fabric shall 
be 0.020±0.002 inch per ply when applicable drawings do not specify thickness. 

4.3 ACCEPTABLE WRINKLES 

4.3.1 Areas which do not form a portion of the mold surface and which have wrinkles may be 
accepted without repair if wrinkles do not exceed the following limits, and if the part after 
machining does not reflect evidence of voids. 
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a. Intruding wrinkles shall not result in a thickness below maximum part 
thickness of laminate as defined on the drawing and measured from 
the mold surface. 

b. Protruding wrinkles shall not exceed in height, one-half the thickness 
of the laminate (prior to machining) and shall not show evidence of 
delamination or voids. 

4.4 FIRST ARTICLE INSPECTION 

4.4.1 The first laminate of each design shall be submitted to the First Article Inspection 
Committee for evaluation. This evaluation may include disassembly of the laminate. 

4.4.2 If the first article is not satisfactory, additional parts shall be evaluated until the 
committee is satisfied with all phases of its production. 

4.4.3 If changes are made in methods of production or tooling, the first article affected 
shall be submitted to the First Article Inspection Committee for evaluation. 

The First Article Inspection Committee shall consist of representatives from both the 
customer and the supplier. The area inspector will notify the Qualify Control Engineer 
when first article is ready. .The QCE Ml notify the committee. 

5. PREPARATION FOR DELIVERY. This section is not applicable to thin specification. 

♦ ' V 

6. NOTES. None 
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Typical outputs from the sin and cos resolvers for one 
revolution are shown in the figures below. 

Figures 152-1 and 152-2 show the ideal case when saturation, or 
peak voltages Ep S and occurs at & m Kli. The pre¬ 
sent signal conditioners will have a saturation point at 
about 74° for the sine resolvers and about 16° for the 
cosine resolvers. Hence, the calibration data for 45° 
for each measurement will be less than 254 PCM counts. 



FIGURE 152-1. SIN RESOLVER OUTPUT 



FIGURE 152-2. COS RESOLVER OUTPUT 
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Range: Each angle has the range of (f to 3($0*. 


CRT Display: Each angle will be displayed to the 
nearest degree. The CRT format is as specified in the 
programming requirements document for the vehicle 
to be tested* 


Filing Requirements: None required 


Remarks : 

Flow Chart Definitions : 


(SIN 9 ) g . 

Incoming PCM value for the SIN measurement 

(cos*),- 

Incoming PCM value for the COS measurement 

ClSj - 

( 

Calibration input for SIN measurement at point 1 
(i.a.. 0° for SIN). 

CXCj - 

4 

Calibration input for COS measurement at I 

<i.e., 90° far COS). 

CIS, - 

1 

Calibration input tor SIN measurement at point 6 
(ie. e., 45°) 

cxc, - 

Calibration input for COS measurement at point • 
(i. e., 45°). . • 


< 
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Title: 


ACE-S/C Error Reset Program GIN 171 


Part Of: Downlink Program 


Purpose: This subprogram resets the error displays on the CRT 

display unit to give a "no error" indication for the ACE¬ 
S/C subprograms utilized with the Block I GIN system. 

These error displays allow monitoring of the ACE system 
operation during GIN system test 

Calling Sequence: Entry: This subprogram operates under executive con¬ 

trol and is initiated from R -START module specified in the PRPS. 

Exit: Return to Downlink Executive Program after error 
displays ard reset. 


Computation Sequence: 


The error displays reset by this subprogram are listed 
below, along, with the ACE-8/C subprogram that generates 
them during its operation. The CRT page and line location 
for each error display is detailed in the Program Requirements 
Process Specification. 


GAN Program No. 

Error Indication 

101 

TIME ERROR (1) 

102 

TIME ERROR (2 or 4) 

103 

TIME ERROR (3) 

121 

WORDERR (1 or 2) 

GAN Program No. 

Error Indication 


MARKERR (1 or 2) 


SYNCERR (2 or 3) 

122 

RELERR (1) 

131 

PARERR (1 


KEYERR (1) 

132 

VERROR U. 2, 3. 4, or 5) 

181 

FSERR Jl)_ 


Each error display consists of a variable segment (under¬ 
lined) which signifies the type of error condition occuring 
in a particular ACE program, and a fixed title segment. 
When initiated by the operator, this subprogram will blank 
out the variable segments of the error displays. 
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Operator Action: 


Console Operator: Operator action is required to initiate 
this subprogram via the R-START module. 


Spacecraft Operator: No acttvtty required 


Uplink Requirements: v 

The ACE Uplink System is not utilized. 


Downlink Requirements: 

PCM data stream is not required by this subprogram. 


< 
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Title: 


PIPA Switching and Stabilization Loop Response Test GftN 181 


Part Of: Uplink Program 

Purpose : This program enables a step voltage input into the stabilisation 

loop, for the stabilization servo loop respome test, and display 
of the PIPA signal generator outputs. 

Calling Sequence : Entry: 

1) This subprogram will operate under executive control 
and is initiated from an R-START Module specified in the 
PRPS for the stabilization loop response test. 

2) This subprogram is also initiated via a specified R-START 
Module to allow monitoring of the PIPA signals. 

Data: Input to this subprogram is supplied by the CUE 
upon R-Start execution. This data includes the start 
module address and the status of the function switches. 

Output from this subroutine consists of a series of relay 
command words. 

Normal Exit: Return to Uplink Executive Program. 


Error Exit: CRT error display and Uplink Command Tape recording, 
prior to transfer to the Uplink Executive Program. 

Computation Sequence: 

Upon R-START execution, this subprogram checks to determine if 
more than one function switch has been depressed. If so, this program 
generates an error message for display and recording purposes, blanks 
out current CRT display and transfers control to the Uplink Executive 
Program. 

The subprogram also checks to see that there was no more than one 
change in state from the function switches at the previous XEQ. If 
there has been more than one state this program generates an error 
message for Uplink Command Filing and transfers control to the Uplink 
Executive Program without transmitting relay command words Uplink. 

A single function switch depression, with only one change of state 
present, enables the assembly and transmission of relay command words. 
Refer to the Vehicle Program Requirements Proeess Specifications for 
R-START function switch setting and DTC8 addresses. 
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Operator Action: Console Operator: R-START execution is required to 

initiate this subprogram as given below. 

A) Stabilization Loop Stfep Input 

1) The intended status of the relays is selected by 
depression of the function switches. 


2) The step input is applied to the particular IRIG 
upon depression of the XEQ switch. 

3) The removal of the step input is accomplished by 
again depressing the function switch so that no switches 
are illuminated, followed by the XEQ switch. 

NOTE: When selecting a series of step inputs, item 3) 
should always be used to insure that the bank of relays 
are reset, prior to selecting a new step input. 

B) P1PA Signal Display 

The operator action required for this function is similar 
to that described for the stabilization loop step input, 
with the exception of the R-START module location. Only 
one PIPA signal is displayed at a time and is accomplished 
by means of the function switch selection as given under 
Computation Sequence. To remove the PIPA display re- 
quires that the operator depress the function switch again 
and then the XEQ switch. 


Spacecraft Operator : No activity required. 


Uplink Requirement!: 


DTCS Transmission: A twenty-four bit command word 
is compiled in the Uplink computer containing the "carry- 
on" relay address and the relay status. 

DTCS 9timuli: The relay addresses are listed in the 
Vehicle PRPS. 


4-181.1 
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Transmission Time: During GAN system test, the 
sequence of subprogram initialization, will be speci¬ 
fied in the "Operational Checkout Procedures". All 
other times, the transmission time will be as required. 

Filing Requirements: The complete command history 
is recorded on the Uplink Command tape. 


Downlink Requirements : 

CRT Display 

1) A display occurs to identify a particular PIPA 
measurement, appearing on the oscilloscope. The 
display consists of the following format: 

' "PIPA ME AS. XXX" 

where XXX « REF, X, Y or Z. 

The variable portion of the format (underlined) will 
appear upon operator selection of a PIPA measurement. 
This display.will be blanked when operator action removes 
this selection by means of the function switches. 

2) An error indication is displayed in the following format 
FSERR 1'. Refer to the "Program Requirements Process 

' Specification" for details on CRT page and line information. 


< 
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Title: GAN Downlink Edit Program - Block II and LEM 

Pve*r*m K«— her: GAN No. 210 - 

Purpose: The GAN Downlink Edit Program strips outs, interprets and presents 

all or any part of the Coumand Guidance Computer (OGC) and the 
1M I Guidance Computer (LGC) data recorded on the PGM Data Tape. 

Input: The Inputs to this pro gr am are: 

1) PCM Data Tape or Compressed Data Tape containing OGC/LGC data. 
2i Edit Parameters (cards or tape) 

3) Control cards 

Output: The output from this program is a printed listing of OGC/LGC 

Downlink data taken from the PCM Data tape or COT for the 
intervals requested and processed and displayed in the manner 
defined by the Edit Parameters. 


General 

Program 

Description: 


Printing: 


Execution: 


Data 

Rate: 


The GAN Downlink Edit-Block II is divided Into two segments 
to minimize the Impact of changes in the input data format. 

The two segments are: 

t * - 

1) EXECUTIVE SEGMENT - This segment prepares the Edit Parameters 
for use, processes the Control Cards, extracts the CGC/LGC 
data from the PCM Data tape or COT for the intervals defined, 
validates this data and transmits it to the next segment. 

2) PRESENTATION SEGMENT - This segment receives the COC/LOC 
data and the Edit Parameters from the Executive Segment 
and processes and prints out this data in the manner 
prescribed by the Edit Parameters. 

Printing will be once every complete cycle through the Downlink 
list. The Downlink Edit Format Tables will define either an 
entire page to be printed (over 6 lines per ID) or a subpage 
(6 lines or less) to be printed under line count control. 

In most cases, it vill not be necessary to see all the data on 
the PCM Data Tape or COT. The Intervals to be processed will 
be specified in the Zulu Time as it appears on the PCM Data 
Tape or COT and vill be input to the program on control cards. 

OGC/LGC Data is recorded on analog PCM Data Tapes at bit rates of: 

1) 204.8KBS 

2) 51-2KBS 

3) 1.6KBS 

This program must be able to process data at any and all of 
these rates. 
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Tit It: 
Purpose* 

Inputs 

Outputs 

Eomal Salts 

Error Salts 

Description* 


EXECUTIVE SEQMEST 

The purpose of the Executive Segment Is to prspars the Sdlt 
Parameters for use by ths Presentation SegMat, processes the 
Control Cards, and to extract and validate the required COC/LOC 
data fron the PCM Data Tape. 

The Inputs to this segaent ares 

1) Downlink Edit format and Requlrma an ts Tables (Edit Parameters) 

2) Data Definition, Title and Tine Cards (Control Cards) 

3) PCM Data Tape or CDT containing the COC/LQC data to he processed. 

The outputs from this sapient ares 

1) Edit Parameters for use by the Presentation Segaent 

2) COC/LQC data extracted fron the PCM Data Tape or CDT 

3 ) Error signals for any discrepancies found In the Edit 
Parameters, the Control Cards, and the COC/LQC data. 

The normal exit from this segaent Is to the Presentation Seewnt. 

The normal program halt occurs when the last tins Interval 
has been satisfied. 

Error signals are generated for discrepancies found In the 
Input Cards, PCM or CDT Data. The Error Exit Is to the 
Presentation Segaent. 

The COC/LQC data consists of two types of words* 

1) Identification Words (2)t These words Indicate the type of 
downlink trannsisslon (List) and signal the start of the data 
trannslsslon. 

2) Data Words ( 96 )* Actual COC/LQC words. The position of a 
data word in a List identifies Its content. There Is a unique 
Word Order Code associated with each type of word. 

The first card to be Input Is the Data Definition Card. This 
card Identifies the position of the COC/LQC words In a Prime 
frame of PCM Telaaetry Data. 

The List being sent changes during the various phases of a 
mission program. A set of Edit Parameters Is required for each 
List. The number of Lists to be used during the missions util¬ 
ising Block II Computers Is not known; as a preliminary estimate, 
this program should be able to accoamdate up to twenty different 
lists. 


4-210.2 
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A Mt of Edit Parameters fop any List will eons 1st of: 

1) L13T ID card - This card contains tbs bit configuration 
(in octal) of the ID Words of tha List for vhlch th> tables 
following this card arc to ba usad. 

2) X cards - These cards define tha print format of the data 
for tha particular list. 

3) Dtt card - These cards define the «»gn-h phrase inter¬ 
pretations for the particular List. 

I Cards - These cards define the processing requirements 
for the particular list. mvarmense 

5) EXD Card - This card is the last card of the set of Edit 
Parameters for the particular List. 

This sequence of cards will be repeated for each List. 

Run cards to be Input with each run will consist of: 

1) OAV card - This card will contain the description of the 
particular ran and will be used as a page headlnn on the 
output listing. 

2) TINE cards - These cards will designate the data to be 
processed. Each card will contain a start and a stop time 
In hours, minutes, and seconds. If mom than one TIME card 
is used, the times specified will not overlap and will be In 
sequence. 

3) XKD OF RUI card - signals the end of the Control Cards. 

Appropriate validity cheeks should be made on the format of 
these cards. Any card error will suspend the processing of 
and PCM or CDF Data, but all cards be scanned *vi 

< errors displayed even though no data will be processed. 

Usage of the Downlink Edit Program - Block I has shown that the 
Edit Parameters tend to be fixed once the data content of the 
Downlink is known. Mew sets of Edit Panmeters will be used only 
for special applications. The Executive gsgnent process 

the Downlink Edit Format Tables and the Downlink Requirements 
^ save them on tape so that subsequent runs with the 
**** of data may be made with no reprocessing of those cards. 

Them is a time signal on the PCM Data Tape and the CDT and the 
time of tranmilssion of each COC/LQC word can be determined. This 
time is matched to the time intervals requested to determine what 
data is to be processed. Data should be processed from the first 
ID following the start time to the end of the Downlist after the 
stop time. The time occurence of the ID Word must be available 
to the Executive Sepmnt. 

4-210.3 
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Ihe COC/LOC trananitta blocks of five 8 bit aorta into the 
PCM etrean of telmtry. These forty bita contain tba data 
to be proceaaed. Fifty of tbeae block* represent a collate 
cycle through a Dovnliak Liat. Bw Dowalist ooaaiata of a 
fined length of 100 COC/LOC aorta, each block rep recently 
2 of theae aorta. The firat block of a Dowalist the 

ID Marta. Theae aorta identify the List being translated. 
Following the ID Worts are 98 Data aorta OQC/lflC aorta axe l£ 
blta in length and are configured ant 

B/l3 1^13 12111098765b321P 

aheres bit 15 la the Sign bit for nvaeric data blta 
lb thru 1 are the data blta for auMrle date 
f la the Parity (Odd) bit. 


The Validity check* to be aade an the COC/LOC date axev 

1) Check - Out of Sync elgaaled by CBCOM 

detlon - Mtsaage sriCKRRl. indicate ahleh aorta axe out 
of eync but proeeaa anyway. 


2) Check - Over ninety-eight data aorta a lace 2D aorta 

Action - Message 3YJICJm«2. process first ninety-eight data 
words and Ignore the rest until ID aorta zeeelaed. 


3) 




Check - ID Marts received before ninety-eight data aorta a ere 
received since last ID Words. 

Action - Message 3YMCAHH3. process data sorts received 
begin next Doanllat with new ID Words. 

Cheek - Parity incorrect in first COC/LOC wort in block 
Action - Message VPRDERR1. display the to bits In Octal and 
the index nunber. Do not process the wort la error. 


5) Check - Parity Incorrect in second COC/LOC wort in block 
Action - Message MDRDERB2. display the bo bits in Octal and 
the index noaber. Do net process the wort in erxor. 


6 ) Cheek - First ID Wbrd, bits 15 to 11 Invalid 
Action - Message W0RDEKR3 

7) Check - First ID Wbrd, bits 10 to 1 invalid 

Action - Message WORDEKRb. Invalid ID, display the bO bits 

In octal and the Ind e x nunber. Cycle until next ID 
received. 


6 ) Check • Second ID Wbrt Invalid 

Action - Message VORDERR5. display bo bite In octal. If no 
error was found in the first ID Wbrt, the ID will be 
considered Valid and ID wort 1 will be used to 
detexnlne the list being sent. 

MHSs H3RDERR3 alone will not invalidate the ID. If no 
other ID errors are found, blta 10 to 1 of ID wort 
1 will detexnlne the list being seat. 4 -sin 
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TXTUEs 

PlIZpOMI ^ 

Input! 

Output! 

Exits: 

Description! 


PBianrPATioi sbqmexf 

Thu Presentation Sspraxt receives the 16 bit OOC/LOC voids 
fztai thi Executive Segment. Thnt word* tn processed In the 
■Amur defined by the Dovnllnk Requirements Tables and displayed 
In the Banner defined by the Dovnlink Edit Poimat Tables. 

The Inputs to this segment are: 

1) Edit Parameters and ID Word configurations for all Dovnlleta 
to be processed. 

2) The 16 bit COC/LOC Wbids. 

3) Error indicators associated vlth the 16 bit vorde transit ted. 

The output fron this segment is the printed listing In the 
foxmats defined by the Edit PansMters and any error sassages 
generated. 


The nozaal and the error exits fren this signsnt are to the 
Executive Segment. 

This segMBt receives the 16 bit COC/LOC words and any error 
signals fron the Executive Sipnot. Each void Is exaalned to 
determine if It Is on ID Word or a Data lfeid. tfcen the ID 
Words are received, the tins of their oceuranoe Is printed as 
positioned by an E card. The Edit ParasMters for data follevlag 
the particular ID are made ready for processing. The ID voids 
any be processed as data voids for print ii*. Mien Data Words 
are received, a check of the Edit Parameters vUl determine If 
the word Is to be used, end If so, hov to process It. Error 
signals generate output aessages. All COC/LQC voids are treated 
as binary fractions with the binary point between the 15 th and lkth 
bits of the word. Double Precision quantities vlll require that 
processing be held up until both voids have been received. 

Eote that the aost significant part and the least significant part 
of a double precision void do not necessarily have the sane 
sign. Use the following diagram for a processing technique. 
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Method For Handling Double Precision Words: 



4*210.6 
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Card 

Formats: 


Data Definition Card - This card locates the two sixteen bit 
CGC/LGC vords and the Word Order Code (WOC) contained in the UO 
bits defined. This card also will define the representative WOC 
bit for ID Vords. That is, the bit (0 or l) indicated will be in 
each bit position of the WOC for ID Words. The 5*8 bit vords will 
be considered as individual bits numbered 1 to UO with the left 
most bit of the first word called bit 1 and numbered consecutively 
to the right most bit of the fifth word, bit UO. 


Columns 

Contents 

Comments 

1 to k 

DATA 

defines card type 

9 to 11 

PCM 

consent 

22 to 25 

WBD1 

comment 

27 to 31 

xx-xx 

first and last bit position of CGC/LGC 



word 1 

3*» to 37 

WRD2 

comment * 

39 to 1*3 

XX-XX 

first and last bit position of CGC/LGC 



word 2 

l»6 to MJ 

WOC 

comment 

50 to 5U 

jqc-xx 

first and last bit position of word . 



order code 

57 to 61 

IDWOC 

comment 

63 

X 

♦ 

. V0C representative bit for ID Words 


Comments need not be checked for. The CGC/LGC vords should be 16 bits 
in length, the word order code may be from 1 to 8 bits. All WOC bits 
will be identical if more than one is specified. The representative 
WOC bit for ID vords is supplied. Data word WOC is assumed to be the 
complement of the ID WOC. See card example page for further clarification. 


< 
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A Downlink Edit Format Table is required for each Dovnlist to be pro¬ 
cessed. This table specifies the fixed format layout of the edit listing. 
A field width of 120 print characters is required. The spacing alloted 
between the title entries of this table is for the insertion of the 
CGC/LGC data as processed by the Presentation Segment. This table is 
composed of R cards. These cards provide the titled entries for the 
edit listing. Ho more than two cards are used to define any single 
line of the listing. The set of R cards for any Dovnlist will not 
define over $0 lines including spacing. 


Columns 

Contents 

Comments 

1 

R 

defines card type 

6. T 

XX 

line sequence number 

8 

9 to 80 

7 . 

print control 
fixed format layout 


where: XX R cards for a particular List are in sequence by this 
number. This pumber is used by the E cards to identify 
the lines on which the processed data will be displayed. 

y ■ blank or 1, skip one line after printing 

* 2, skip two lines after printing 

• 9* fixed format layout of this card is the 
right most poriton of the previously defined line 

< i . • 

If y is blank* 1* or 2* columns 9 thru 80 of the card will 
be printed in print positions 1 to 72. 

If y*is 9* columns 9 thru 56 will be printed in print posi¬ 
tions 73 to 120. 


< 
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Downlink 

Requirements 

Tables: 


A Downlink Requirements Table is needed for each Downlist to be pro¬ 
cessed. This table defines the specific entries required for the 
edit listing by referencing the index number (word position in Down- 
list) of the words to be processed. This table specifies the exact 
placement, in terms of print positions, of each data entry in the 
fixed edit format defined by the Downlink Edit Format Table for this 
Downlist. This table also specified the processing required for each 
data entry in the output. A Downlink Requirements Table is composed 
of E cards and ENG cards. 


Columns 

Contents 

Comments 

1 

E 

defines card type 

9, 10 

XX 

line number (match to R card line sequence 
number) 

12 to 18 

xxx-xxx 

print positions in output line where 
this entry is to be displayed. 

25 to 30 

EQUALS 

index number (001 to 100) 

32 to 3k 

XXX 


For quantitites to be displayed in decimal 
36 to 62 DP or SP (Double or Single Precision), Scale Factor (sign*, 
decimal point, one to ten decimal digits), power (E, 
sign, one or two decimal digits), S or NS (if S, print 
sign; if NS treat word as 15 bit unsigned number), MSB 
(for double precision, indicates most significant bits) 

For other quantitites 

36 to 50 XX or XX-XX or XX.XX-XX (bit positions to be considered - 
leading zeros not supplied) * 

•OCTAL (print bits indicated in octal) or 
BINARY (print bits indicated in binary) or 
ENGn (Extract bits indicated and search English table 
specified for match and insert associated phrase in out¬ 
put), I or blank (I, if bit 15 of the word is a 1, the 
bits indicated must be complimented before processing; 
if field is blank or %t bit 15 is 0, the bits indicated 
are used as is). 

Fields will be seperated by commas, and except where mentioned, 
lead zeros will be supplied. 

The ENGn cards contain English phrases to inserted in the output listing 
when Certain combination of bits are present in key CGC/LOC words. 

The bits for comparison and the table to be searched are indicated by 
E cards. 

Columns 

1 to 3 
k 

8 to 23 


25 to 30 
33 to 53 


S48 


Contents Comments 

ENG defines card type 

n table number (n ■ 1 to 8 ) 

1 to 16 binary characters that is the bit pattern for which 
the English phrase will be substituted (bits specified n 
in E card are extracted and compared to the non-blank col¬ 
umns - right Justified to column 23) 

EQUALS 

1 to 20 alphanumeric characters to be inserted in print 
positions defined in the E card - left Justified to column 
33» A $ in column 33 means that no phrase la to bo inserted 
for the bit pattern matched. 
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Downlink 

Requirements 

Tables: 


HOTE; 


If the designated ENGn table is searched and no natch is found, an 
error condition exists. A message, D0WNERR1 is printed along vith 
the index number of the word that contained the bits that could 
not be matched and the word (16 bits) in octal. 

A special application of the E card vill be used to position the time 
of the ID word in the edit listing. Index word 000 will Indicate 
this time and it vill be positioned in the normal manner. E.O. 

E 06,016-037 EQUALS 000 

Print GMT on the line defined by R 06 in print positions 018 through 
037* The processing requirements for this word are already defined. 


1 
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List Identification Card - This card is the first card of the set 
of Edit Parameters for a particular Dovnlist. The hit configurations 
of the ID Words, vhose data will he processed according to the 
tables following this card, are contained in this card. 

Columns Contents Comments 

1 to k LIST defines card type 

7 to 12 XXXXXX hit configuration in Octal of first ID 

word 

15 to 20 XXXXXX hit configuration in Octal of second 

ID word 

The 16 binary hits are converted into 6 octal characters by adding 

two binary zeros to the right to make 18 binary hits E.G. (.1100100001101111) 

will he in the card as 62067b. 

End Card - This card is the last card of the set of Edit Parameters for 
a particular Downlist. 

Columns Contents Cocanont.:; 

1 to 3 END . . defines card type 

The Edit Parameters for each Downlist consist of: LIST ID card, R cards, 
ENGn cards, E cards and the EHD card in that order. 


1 


< 
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Carda Input for each run: The page title card contains the run description, date. OCP. 

* etc, and is printed once per page. * • *•. 


Columns Contents Comments 

1 to 3 GUI defines card type 

5 to 75 page title to he printed as the first line of 

each page. 

The data to be processed are defined as a set of 1 to n t'me 
intervals. Each card contains the start and stop time of u data 
interval. For multiple intervals, the times will not overlap and 
will be in sequence. . 


Columns Contents 


1 to k 

TIME 

6, 7 

XX 

8, 9 

YY 

10, 11 

zz 

13, 1U 

TO . 

16 , 17 

XX 

18, 19 

YY 

20, 21 

1 ZZ . 


Comments 

defines card type 
start time, hours 
start time, minutes 
start time, seconds 

stop time, hours 
stop time, minutes 
stop time, seconds 


The last card to be input is the End of Run card. 

* * % 

Columns Contents Comments 

1 to 10 ERD OF RUE defines card type 
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E * 02 , 018-026 EQUALS 062,DP,^.16777528E+5,S,MSB 
E - specifies requirements equals card 

02 - specifies the number of a R card entry in the Edit Format table 
vhich designates the line that this data is to be printed on. 

018-026 - specifies the print positions of line 02 that this data is 
to be printed in 

062 - specifies the positloh in the Dovnlink List (index number) that 
contains the data to be processed. 

DP - specifies that the data is double precision 
♦.16777528 - specifies the numeric value of the scale factor 
£♦5 - specifies the power of the scale factor 
S - specifies the data is a signed number 

MSB - specifies that word 062 is the most signiflent bits of the • 
double precision quantity. 

This card requires that the Ik data bits of word 062 and the lU data 
bits of word 063 be combined as previously described into a 28 bit 
binary fraction, converted to a decimal fraction, multiplied by 16777*528 
and printed in positions 018 to 026 of line 02. 


B 61.0^7-062 EQUALS 029.7.5-1.ERG2 

E - specifies requirements Equals card 
6l - specifies the number of the R card • ntry 
0U7-062 - specifies the print positions of R 6l for display 
29 - specifies the elndex number of the data 
7*5-1 - specifies the bits to be extracted from word 029 
EHG2 - specifies the table of English phrases that is to be searched 
for the same pattern of the bits extracted. 

This card requires that bits 7 and 5 thru 1 be extracted from word 
029. These bits are then compared to the patterns that are part of 
English phrase table EKG2. When the bits are matched, the English 
phrase associated with that pattern is printed in print positions 
QkJ to 062 of the line defined by R card 6l. 
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Example 3 E OU, 109-109 EQUALS 012,6.BINARY 

E - specifies requirements Equals card 
Ok - specifies the number of a R card entry 
109-109 - specifies the print position on line defined by R0U 
012 -specifies the index number of the data 
• 6 - specifies the bit position to be extracted from word 12 
BINARY - specifies that the bit be displayed in binary. 


Example k E 06,097-112 EQUALS 026,15-1.OCTAL 

E - specifies requirements Equals card 
06 - specifies the R card line number 

097-112 - specifies the print position in the line defined by R 06 
026 - specifies the index number of the CGC/LGC data 
15-1 - specifies the bits of word 012 to be processed 
OCTAL - specifies that the data is to be printed in octal 


Example 5 ENG2 001001 EQUALS FINE ALIGN 

ENG2 - specifies requirements English card 
001001 - specifies the bit pattern that vill be interpreted by 
• the english phrase 

FINE ALIGN - specifies the message that is to be printed in the 
' print positions called out by the E card that refers to the 

ENG2 table. 

This card is actually a sub-card to an E card. The B card specifies 
the bits of a CGC/LGC word to be compared to the various entries of 
the ENG2 table and the print positions for the message. 
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Title: GC Downlink Format Program, Block n G4N 221A 

Part Of : Downlink Program 

Purpose : The GC transmits blocks of five 8-bit words . . : 1 

into the PCM T/M at a 50 block per second rate. 

These data blocks represent a complete cycle through one 
GC Downlist. The Downlist consists of a fixed length of 
100 GC words, each data block representing 2 of these 
words. The list address contained in the ID word identifies 
the transmitted parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of GC word represented 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 

Calling Sequence: Entry: This subprogram operates under Downlink Execu¬ 

tive Program control and is initiated by receipt of an 
• Executive program interrupt. 

Data: 1) A sequence of 50 blocks of five 8-bit words 
during 1 second. 

' 2) Notification upon loss of a block (prime frame) 

or sequence of 50 blocks (sub-frame). 

Normal Exit: Valid data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


< 


Error Exit: Error conditions will be displayed on the CRT and filed. A 
search tor an ID word to enable further data processing, occurs 
under certain error conditions. The CRT error displays 
are detailed m Table 221A*!. p y 
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Computation Sequence: 


«S^ MW™ blOCk “ * flVe 8 - bit word *- 


WORD 1 

WOC S/15 

14 

13 12 

11 10 

9 

WORD 2 

8 7 

8 

5 4 

3 2 

1 

WORD 3 

P S/15 

14 

13 12 

11 10 

9 

WORD 4 

8 7 

6 

5 4 

3 2 

1 

WORD 5 

P X 

X 

X X 

X X 

X 

where WOC 

* Word order code 

(1 bit) 



P H 

* Odd parity 

(GC word) 




x * 0 as presently configured 

The data block contains 2 GC 16-bit data or DSPTAB 
except where an ED word is encountered. The 
individual word formats are specified below. The GC 

data word includes a parity (P) and sign (S) bit. (See 

Figure 221A.1J 

(Bits) S/15 ' i p 

cn 11 i ii 1 1 1 1 1 1111 ' 

i - j 

Data Content 

Figure 221A.1 

The DSPTAB word format is essentially as specified 
in Figure 221A, l far as this program is concerned. 
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The identification (ID) word format contains five 
leading zeros with bits 1-10 containing the data list 
address. The complete ID word format is? 


WORD X 

15 10 IP 

Moioioioi I I I I I I I I I -n 

-.-' 

Data List Address 


WORDY 

i®_ i p 


aEBEBHfiEHEannnnr 


V.___ v 

Fixed Bit Pattern 
(00437 ) 8 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed for data monitoring or for DSKY display moni¬ 
toring. The specified Downlink lists which initiate the operation 
of tide program are contained in GAN 224A,Table 224A. 1. 

Basically, Program GAN 221A receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE-S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 221 A -2 
where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
*1' indication. If a *1' is encountered the word must be 
complemented prior to transmitting the word to GAN 622A 
for further processing. Upon detection of an ID word, the 
data list address is transmitted to GW 224A to allow that program 
to utilize the correct display format and scaling Information. 

Figure 221A-S is given as a representative flow, to convey the 
intent of the subprogram operation. 
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Operator Action: 

Spacecraft Operator : 

Uplink Requirements: 


Console Operator: No activity required. 
No activity required. 

Not applicable. 


Downlink Requirements : 

Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
221A*1. The ACE requirements specification contains the 
CRT page and line information. 


Filing Requirements : Upon detection of an error the following information shall be 

recorded: Time, error name, error number. Data block 
containing the error and word oount. 

References : ACE-S/C Computer Subprogram. CAN 224A Downlii* 

Interpretation Program. 
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TABLE 221A-1 


Error Description _ CRT Display 


This indicate* that Wordcnt 
ha* incremented beyond a 
•pecified limit. 

SYNCERR 1 

At thi* point Wordcnt should 
be 101, if an ID ha* been 
received in the correct 
sequence. 

8YMCERR 2 

Parity i* incorrect’ in 
the first LGC word in 
data block. 

WORDERR 1 

Parity is incorrect in 
the second LGC word in 
data block. 

WORDERR 2 

i 

ID word (bit. 11 - 15) 

i (oo) 8 

4 / % 

WORDERR 3 

Pixed bit pattern in 

ID word is illegal. 

WORDERR k 

Invalid list address en¬ 
countered after attainting ' 
to utilize second LGC word 
to identify ID word. 

WORDERR 5 

Invalid list address en- 
t countered in the first LGC 
word in data block. 

WORDERR 6 
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Figure 221A-3 (2 of 2) 
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Title : 
fart < fl : 

£uros§e: 

Calling Sequence : 


Computation Sequence : 


GC Downlink Interpretation Program, Block II G&N 224A 
Downlink Program 

This subprogram defines the interpretation of the GC Down¬ 
link data which is required for ACE-S/C console operator 
usage and information. The processing requirements for 
the Nominal GC Downlink list for SUNDIAL is included in 
this document. 

Entry: This subprogram is activated by the GC Downlink 
Format Program, G&N 22LA whenever the Format Program 
is processing Downlink data. 

Data Input: Input from G&N 221A to the Downlink Interpretation 
Program consists of a 16-bit GC data word stored in the 
computer. Two types of GC words will be processed by G&N 
224A: 

1) Identification: This word specifies the data list 
which is being received by G&N 22lA. 

2) Data: Actual GC data words. The position in the 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use ty other ACE¬ 
S/C G&N. Subprograms and data to be filed if required. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to G&N 221A. 

Error Exit: None 

The Nominal Downlink List for the GC is transmitted once 
per second and consists of 100 words (two per prime frame). 

Table 224A-1 describes the contents of the List and provides the 
processing requirements for each word. 


4-224A.1 

264 



APOLLO G&N Specification 
ND1002319 REV A 


Operat or Action : Console Operator - No activity required. 

Spacecraft Operator - No activity required. 


Uplink Requirements; 


No stimuli required. 


Downlink Requirements : 

Data Manipulation - Found in the computation 
sequence section. 

CRT Display - The ACE Requirements Specification 
contains the CRT scope page and line information. 

Filing Requirements ; Execution of the "RECORD** R-8TART module function 
switch specified in the PRPS will cause the filing of a 
time tag and the following: 

♦ Petal words: ID, FAILREQ, THETA D # THETA DH, 
THETA D+2 STATE, 8TATE 41, STATE +8, STATE +3 

* Single Precision Words: CDUX, CDUY, CDUZ, 

, CDUT, CDUS, REDOCTR 

4 Double Precision Words: (TIME 1* TIME 2) 

Event Words: IMODES 30, OPTMODES, DSTAB +11, 
CHNL 11, CHNL 12, CHNL 13, CHNL 30, CHNL 31, 
CHNL 32, CHNL 33. 
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Table 224A-1 
Nominal GC Downlink List 


Word NO^ Word Name 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 
' 15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


01724 

00437 

PIPAX 

PIPAY 

PIPAZ 

BMAGX 

BMAGY 

BMAGZ 

PUSHLOC 

PRIORITY 

LOC 

BACKSET 

DELVX 

DELVX+1 

DELVX+2 

DELVX+3 

DELVX+4 

DELVX+5 

SELFRET 

SMODE 

SFAIL 

*■' ERCOUNT 
IMODES30 
IMODES33 
DESOPTT 
DESOPTS 
CDUX 
CDUY 
CDUZ • 


G&N 224A Processing RegulreraeadU : 


None 

None 

Defined in Table 224A-2 
Defined in Table 224Ar* 


Defined 

Defined 

Defined 

Defined 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Defined 

None 

None 

None 

Defined 

Defined 

Defined 


in Table 024A-2 
in Table 224 A *2 
in Table 224A-2 
in Table 224A~2 


in Table 224A-2 


in Table 224A~2 
in Table 224A*2 
in Table 224A~2 
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Table 224A-1 (Contimied) 


Word No. 

Word Name 

G&N 224A Processing Requirements 

30 

CDUT 

None 

31 

CDUT 

Defined In Table 224A-2 

32 

CDUS 

Defined in Table 224A-2 

33 

STATE 

None 

34 

STATE+1 

None 

35 

STATE+2 

None 

36 

STATE+3 

None 

37 

REDOCTR 

Defined in Table 224A-2 

38 

FAILREG 

Defined in Table 224A-2 

39 

OPTMODES 

Defined In Table 224A-2 

40 

SWSAMPLE 

None 

41 

DESOPMOD 

None 

42 

WTOPTION . 

None 

43 

IMUCADR 

None 

44 

OPTLADR 

% None . . 

% 45 

THETAD 

None 

46 

THETAD+1 

None 

47 

THETAD+2 

None 

48 

. DESOPTT 

None 

49 

MARKSTAT 

None 

50 

TIMESAV 

None 

51 

DRIFTO 

Defined in Table 224A-2 

52 

€ DRIFTOfl 

None 

53 

DRIFTI 

Defined in Table 224A^2 

54 

DRIFTI+1 

None 

55 

DRIFTT 

Defined in Table 224A^-2 

56 

DRIFTT+1 

None 

57 

GAZIMUTH 

Horn \ ’i- r ' ;> 

58 

GAZIMUTH+1 

None 

59 

ANGZ 

Defined in Table 224A-2 

60 

ANGZ+1 

None 
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V 

Table 224A-1 (Conttimed) 

Word No. 

Word Name 

G&N 224A ProoesBlnK Requirements 

61 

ANGY 

Defined in Table 224A-2 

62 

ANGY+1 

None 

63 

ANGX 

Defined in Table 224A-2 

64 

ANGX+1 

None 

65 

VLAUN 

None 

66 

VLAUN+1 

None 

67 

WPLATO 

None 

68 

WPLATO+1 

None 

69 

WPLATI 

None 

70 

WPLATI+1 

None 

71 

WPLATT 

None 

72 

WPLATT+1 

None 

73 

PIPAN 

Defined in Table 224A-2 

74 

INTVEC+1 • 

None ' 

75 

PIPAE 

Defined in Table 224A-2 

* 76 

INTVBC+3 

% None 

77 

UPLOCK 

Defined in Table 224A-2 

78 

TGLOC 

None 

79 

DSPTAB+0 

None 

80 

DSPTAB+1 

None 

81 

DSPTAB+2 

None 

82 

DSPTAB+3 

None 

83 

DSPTAB+4 

None 

84 

< DSPTAB+5 

None 

85 

DSPTAB+6 

None 

86 

DSPTAB*7 

None 

87 

DSPTAB+8 

None 

88 

DSPTAB+9 

None 

89 

DSPTAB+10 

None 

» 90 

DSPTAB+11 

Defined in Table 224A-2 
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Table 224A-l(Contlnned) 


Word No. 

. Word Name 

GAN 224A Processing Requirements 

91 

TIME 2 

Defined in Table 224Ar-2 

92 

TIME1 

Defined in Table 224A-2 

93 

CHANNEL 11 

Defined in Table 224A-2 

94 

CHANNEL 12 

Defined in Table 224A-2 

95 

CHANNEL 13 

Defined in Table 224A-2 

96 

CHANNEL 14 

None 

97 

CHANNEL 30 

Defined in Table 224A-2 

98 

CHANNEL 31 

Defined in Table 224A*2 

99 

CHANNEL 32 

Defined in Table 224A-2 

100 

CHANNEL 33 * 

Defined in Table 224A-2 


( 
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TABLE 224A-2 ( cont inued ) 


Notes: 

a) If the bit indicated equals 1, display the word underlined. 

If the bit indicated equals 0, display the word parenthesis. 

b) If the bit indicated equals 1, set the SGS discrete that displays the 

3 GS d discrete di8Play If the bit e< ^ ualB °> remove the appropriate 

c) Display the following; 


bitT 

BIT 5 

"XXX"DISPOiY 

u 

0 

OFF 

0 

1 

ZER 

1 

0 

CMC 

1 

1 

MAN 


d) Store bit STATUS for G&N 63 !. 

e) Combine the 14 magnitude bits of the most significant part (MS) with 

14 magnitude bits*of the least significant.part (LS). Ihe decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. The signs appear in bit 15 of 
each word. 1 


f) Store values of TIME 1, TIME 2 and RANGE TIME for G&N 602. 
b) Store bit status for G&N 622A and GIN 632. 


h) 

i) 


Store bit status for G&N 631 . 

Treat CDUT as an unsigned 16 bit counter. If CDUTg Is greater than or equal 
to 61740g f form CDUT -61740 g , convert to decimal, and multiply by 90-/215 
Display result as CDUT. If CDUT is less than 61740 t fo^m CDUT ft ;+ 64.740^ 
convert to decimal and multiply by 90*/2 iD . Display result as CDUT? ° 

Treat thie word a. an unaigned is Bit counter, ooorert to decimal and multiply 
by 360/215. 
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Title : 


GC Clock Initialization Program G&N 601 


Mission Initialization and GC Alignment Program 


Purpose: This program sets the GC clock registers TIME 1 

and TIME 2 equal to some predetermined preset value 
at a given Range Time. 


The purposes of GAN #01 are as follows: 

A. To insert into the GC clock registers a predeter¬ 
mined preset value of time at a given range time. 

B. Insert in GC erasable memory a double precision 
value of Time-to-Epoch, when required. 

C. Prepare inputs for GAN #02 

NOTE: The uplink transmission (Noun-Verb sequence) 
format will be the same for the primary and secondary 
functions .of this specification. 


Calling Sequence: 


4' 


ai* ? ntCr Rang ? Ti f ne (T RP ) for insertion of the GC 
clock preset value by the- following C-START entry: 


1) Windows 10-9 insert 90 

2) Windows 8-7 insert XX hours of T Rp 

3) Windows 6-5 insert XX minutes of T Rp 

%£££££* to8ert xxx Becond8 - t rp <*o «*• 

5) Window 1 insert 0 


B. Insert the GC clock preset value as follows: 

1) Windows 10-9 insert 91 

2) Windows 8-5 insert ±XXX hours of E 

3) Windows 4-3 insert XX minutes of E P 

4) Windows 2-1 insert XX seconds of E P 
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C. Insert the first GC address of the time 
registers into which the preset value E is to be 
stored, also enter the constant K for ** G&N 602. 
This C-START entry is: 

1) Windows 10-9 insert 70 

2) Windows 8-4 insert YYYYY the 5 digit GC 
octal address for the time registers. 

3) Windows 3-1 insert XXX milleseconds for K. 


D. Enter the Epoch time, T«, that is to be stored in 
the GC. 

1) Windows 10-9 insert 80 

2) Windows 8-5 insert ± XXX hours of T^, 

3) Windows 4-3 insert XX minutes of Tg 

4) Windows 2-1 insert XX seconds of Tg 

E. Enter the GC octal address, LOC, into which Tg 
is to be stored. 

1) Windows 10-9 insert 71 

2) Windows 8-4 insert YYYYY octal address LOC. 

3) Windows 3-1 insert 000 

F. Call up GftN 601 through the R-START Module specified 
in the PRPS. 

Input Data: 

T„ - Range Time maintained in ACE-S/C computer. 
K 1 

E_ - Preset time to be inserted in GC clock. 

P 

Trp - Range time at which E p is to be inserted. 

Tg - Time to Epoch when required. 

Normal Exit: Uplink Transmission to the GC and 
temporary storage of the following quantities. 

K - transmission delays to be supplied jointly by 
AC and G. E. 


878 
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T HRS " Ran 3 e time truncated to hrs. 

T« • Range time 
K 1 

E - Preset time 
P 


Error Exit: None. 


Computation Sequence: 


The following sequence should occur: 

1) When Range Time, T , is equal to T OD , the 
quantities E and the GC address for the 
time regist&s are transmitted uplink using the 
commands listed under Uplink Commands. 

2) If LOC is not equal to zero, then the quantities 
and LOC are transmitted uplink using the 

commands listed under Uplink Commands. 


3) Store the following items for inputs into GAN S02 : 

T« - Range time, which is also equal to T„_ 
n l RP 

E p - Preset time 


T HRS " Thc value * truncated to hours 

K - constant to be used in GAN 602 

4) All uplink commands are to be time tagged and 
filed on the Uplink File Tape. 

5) Before the double precision words E and T-, 
are transmitted uplink they must be concerted B 

to double precision words which have a least signifi¬ 
cant bit of 10 millesecond value. 


Key Code Complement 

1 xxxxx xxxxx xxxxx 

5 Bit Keycode 5 Bit Keycode 


Figure 601-1 
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Command Uplink: 


All uplink transmissions per Figure 601-1 will be as follows* 


10001 

OHIO 

10001 

(VERB) 

00010 

11101 

00010 

(2) 

00100 

11011 

00100 

(4) 

mu 

00000 

11111 

(NOUN) 

10000 

01111 

10000 

(0) 

00001 

11110 

00001 

(1) 

11100 

00011 

11100 

.(ENTER) 


WiVi 

WTO 1 ! 

°i 0 i 0 i 0 i°i 

(DIGIT 1, OCTAL 
ADDRESS) 

°2 0 2 0 2 0 2°2 

U 2 U 2 U 2 U 2°2 

°2 0 2 0 2 0 2°2 

(DIGIT 2. OCTAL 
ADDRESS) 

°3°3 0 3 0 3 d 3 

WTO 3 

°3 0 3 0 3 0 3°3 

(DIGIT 3, OCTAL 
ADDRESS) 

0 iW4 0 4 

U 4 u 4°4 u 4°4 

°4 0 4 0 4 0 4°4 

(DIGIT 4. OCTAL 
ADDRESS) 

°5 0 5 0 5 0 5°5 

» 

WTOs 

°5 0 5 0 5 0 5°5 

(DIGIT 5, OCTAL 
ADDRESS) 

11100 

00011 moo (ENTER) 

0 0 0 0 0 
HI 11 

WTO 1 ! 

°1 0 1 0 1 0 1°1 

(DIGIT 1, WORD 1) 

°2 0 2 0 2°2 0 2 

WTO 2 

°2 0 2 0 2 0 2 0 2 

(DIGIT 2, WORD 1) 

°3 0 3 0 3 0 3°3 

°3 0 3 O 3 O 3 O 3 

°3 0 3 0 3 0 3 0 3 

(DIGIT 3, WORD1) 

°4 0 4 0 4 0 4°4 

WTO4 

°4 0 4 0 4 0 4°4 

(DIGIT 4, WORD 1) 

°5°5 0 5 0 5 0 5 

WTOs 

°5 0 5 0 5 0 5°5 

(DIGIT 5, WORD 1) 

11100 

00011 11100 (ENTER) 

ViWi 

WTOi 

°1°1 0 1 0 1 0 1 

(DIGIT 1, WORD 2) 

°2 0 2°2 0 2 0 2 

WTO 2 

°2 0 2 0 2 0 2°2 

(DIGIT 2, WORD 2) 

°3 0 3 0 3 0 3°3 

WTO 3 

°3 0 3 0 3 0 3°3 

(DIGIT 3, WORD 2) 

°4 0 4 0 4 0 4°4 

WM 

°4 0 4 0 4 0 4°4 

(DIGIT 4, WORD 2) 

°5°5 0 5 0 5 0 5 

WTOs 

0 5°5 0 5 0 5 0 5 

(DIGIT S.WORD 2) 


11100 00011 11100 (ENTER) 

11001 00110 11001 (KEYBOARD RELEASE) 


2Z6 


4-601.4 




APOLLO GAN Specification 
ND1002319 REV A 


Verify: 

Store: 

CRT Display: 

Operator Action : 

Uplink Requirements : 
Downlink Requirements : 

.Remarks: 


Each Uplink Transmission is to be verified via CSR Verify 
response. A non-verify response should be indicated by a 
CRT display of "TIME ERROR l". 


T r , E p , Tjjpg, and K for inputs to GAN 602 
"TIME EPOCH XXX HRS XX MINS XX. XXX SECS" 


Console Operator: When Clock Initialization Program is 
desired* perform the C-START entries 
before R-START call-up of GAN 601 is made. Make sure 
there is no other major Uplink Activity at this time. 

Spacecraft Operator: No activity required. 

See COMPUTATION SEQUENCE. 

Measurement ID: Not applicable. 

^Tolerance:. Not applicable. 

Definition of terms used in this subprogram are as follows: 

* /• V 

- Range Time (hrs* mins* secs* ms) 

E p - Preset time for GC clock (hrs, mins* secs* ms) 

T Rp - Range time at which E is to be inserted (hrs, mins* 
secs* ms). P 

Tg * Time to Epoch (hrs* mins* secs* ms) 

K - Transmission delays (ms) 

LOC - Location (octal) of address in erasable GC memory.. 
T hrs “ Range time truncated to Hrs. 
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Title: 
Part Of: 
Purpose: 


Calling Sequence: 


GC Time Verification Program GAN 602 

Mission Initialization and GC Alignment Program 

This program is designed to align the GC time clock to the 
Range Time reference. This program calculates the time 
alignment At which is to be added algebraically to the GC 
clock register TIMEl and TIME2 to correct for transmission 
delays in loading and reading these registers. 

Call-up through the R-START Module specified in the PRPS 
or PRO. 

Inputs: 

T R, * from GiN 601 - Range time of initiation (hr*. 

1 mins, sees, ms) . 

T HRS * Ran E e time truncated to Hrs from GAN 601 

K • Transmission delays from GAN 601 

E p • Preset time inserted in GC Clock from GAN 601 

T a * v Time from GAN 624 or 224 

T r 2 * Range Time of GC time receipt 

Normal Exit: Display At in seconds. 

Error Exit: Display error sources as specified. 
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Computation Sequence: 

Compute At * (Tp - Tp ) - (T^ - Ep) - K 
2 1 

Note: See explanatory flow chart of At calculation (Figure 
602-1) and explanation of computations in "Remarks" 
section. 

Display: At (in seconds, decimal) in the following format: 

"DELTA TIME ± XXX. XXX SECS" 

Store: At as input to GAN 603 
Test: 

(1) If /At/ * 15 minutes display "TIME ERROR 2". 

If /At/ < 15 minutes, continue. 

(2) When T. is sampled for GAN 602 sampling should 
not occur while the GC time registers in the 
Downlink Computer memory are being updated. 


Since the Range Time is initialized every 24 hours, it is 
necessary to program a counter which contains the total 
hours from the initiation of GAN 601. A proposed flow 
chart for such a routine is given in Figure 602-1. 


It should be noted that T n , 
R 2 


Tp and T^ can be broken 


down into units of hours, minutes, seconds and milli¬ 
seconds. The compare statements in Figure 602-1 use only 
units of hours which are truncated. 


Operator Action: Console Operator: When time verification program is 

desired, call up is made through R-START Module 
activation. 

Spacecraft Operator: No activity required. 
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Uplink Requirements: 

Transmission to GC: None 

DTCS Stimuli Location: Not Applicable 

Time of Transmission: Not Applicable 


Downlink Requirements : 

Measurement ID: Measurement No. G 0001V 


Tolerance: If program fails At test, indicate failure by display 

indicated under TEST in "Computations" section and 
return to Uplink Control Program. 

Failure of program to execute because of no GC time 
available should be indicated by "TIME ERROR 4" and 
exit should be made to Uplink Control Program. 

The accuracy of At is to be 10 milliseconds. 


• Filing Requirements: 


Remarks: 


During System Tests a recording of T R , T R , E p , 


t a- k - t r. 


and DCNT should be made. 


'HRS. 2 (HRS) 

Definition of terms used in this subprogram are as follows: 

T p - Range time from GAN 601 in hrs. mins. secs. ms. 


Thrs * Range time from GAN 601 truncated to hrs. 


K ■ Transmission delays from GAN 601 in ms. 

Ep * Present Time insert in LGC clock from GAN 601, 
in hrs. mins, secs, ms. 

T. - GC time from GW 224 or GW 624 in hrs, mins, secs, ms. 
A 

T R - Range time of GC time receipt in hrs, mins, 

2 secs, ms. 
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Figure 602-1 
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Title: GC Time Correction QtN 603 

Part Of: Mission Initialization and GC Clock Alignment Program 


Purpose: 


this program adds, algebraically, the differential 
time correction. At. to the GC clock to align it to 
Range Time. This program formats and transmits 
through the GC Uplink the At which is then added to 
00 to , Complete t* 1 * alignment. G&N SOI and 
" have been successfully executed Before 

GAN 603 is executed. 


Calling Sequence: Entry: Call-up through the R-START Module specified in 

the PRPS or PRD. 

Input: At from GAN 602 

Normal Exit: Display At as per GAN 602. Return to 
Uplink Control Program. 

♦ Error Exit: Display "TIME ERROR 3" to indicate At not 
transmitted or incorrectly transmitted. 


Computations Sequence: 


!n.e 1 toI^2 1 lAl by ^tte foUowing Uplink Transmission. 

* 00 Upllnk * given in 
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Keycode Complement 

xxxxx, xxxxx xxxxx^ 

5 Bit Keycode 5 Bit Keycode 

Figure 603-1. LGC UPLINK FORMAT 



10001 

OHIO 

10001 

(VERB) 


00101 

11010 

00101 

<5> 


00101 

11010 

00101 

(5) 


11100 

00011 

11100 

(ENTER) 


SIGN 

SIGN 

SIGN 

(SIGN OF At) 



0 0 0 0 0 
11111 

0 0 0 0 0 
11111 

0 0 0 0 0 
111 1 1 

(1st DIGIT OF 

At) 


0,0,00,0, 

2 2 2 2 2 

0*MoMo 

2 2 2 2 2 

0 n 0 o 0 o 0 n 0 o 

2 2 2 2 2 

(2nd DIGIT OF 

At) 


o*o,o o o, 

3 3 3 3 3 

o,o,o,o,o, 

3 3 3 3 3 

0*0,0 o 0 n 

3 3 3 3 3 



- 


(3rd DIGIT OF 

At) 


0 0 0 0 0 

4 4 4 4 4 

0 0 0 0 0 

4 4 4 4 4 

0 0 0 0 0 

4 4Y4 4 

(4th DIGIT OF 

At) 


0 C 0 0 0 B 0 B 

0,0,0,0,0 

0 0 0 0 0 



5 5 5 5 5 

5 5 5 5 5 

5 5 5 5 5 
(5th DIGIT OF 

At) 


1 11100 00011 11100 (ENTER) 

1 11001 00110 11001 (KEYBOARD RELEASE) 

Verify: Each Uplink Word Transmission by using appropriate 
Uplink Verification Program. Indicate transmission failure 
by CRT display "TIME ERROR 3". 


Operator Action: Console Operator: When GAN 603 is desired, call-up is 

made through R-START Module activation. 

Spacecraft Operator: No activity required. 



APOLLO GAN Specification 
ND1002319 REV A 


Uplink Requirements: 

See "Computations" Sequence. 

DTCS Stimuli Location: not applicable 

Time of Transmission: no requirement 

Filing Requirements: All information transmitted should 
be recorded on Uplink Command File Tape. 

Downlink Requirements : 

Measurement ID: not applicable. 

CRT Display: See Exits under Calling Sequence. 
Processing Category: See Program No. GAN 602 

Remarks; This mode requires previous calculation of At by GAN 

4 602. The sign and five most significant digits are 

transmitted uplink. 
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Title: 


Guidance Computer Downlink Format Program GIN 821 


Part Of: Downlink Program 


Purpose: The LGC transmits blocks of five 8-bit words 

into the PCM T/M at a 50 block per 
second rate. These data blocks represent a complete 
cycle through one LGC Downlist. The Downliat con¬ 
sists of a fixed length of 100 LGC words, each data 
block representing 2 of these words. Several lists 
are specified for LEM Block n, where the list addrese 
contained in the ID word identifies the transmitted 
parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of LGC word represented 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 


Calling Sequence: »Entry: This subprogram operates under Downlink Execu¬ 

tive Program control and is initiated by receipt of an 
Executive program interrupt. 

i ✓ V 

„ Data: 1) A sequence of 50 blocks of five 8-bit words 

during 1 second. 

1 2) Notification upon loss of a block (prime frame) 

or sequence of 50 blocks (sub-frame). 

Normal Exit: Valid data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


Error Exit: Error conditions will be displayed on the 
CRT and recorded on the Downlink file tape. A search 
for an ID word to enable further data processing, occurs 
under certain error conditions. The CRT error displays 
are detailed in Table 621-2. 
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Computation Sequence: 

The program receives blocks of five 8-bit words, con¬ 
figured as follows: 


WORD 1 

WOC 

S/15 

14 

13 

12 

11 

10 

9 

WORD 2 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 3 

P 

S/15 

14 

13 

12 

11 

10 

9 

WORD 4 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 5 

P 

X 

X 

X 

X 

X 

X 

X 


where WOC ■ Word order code (1 bit) 

P • Odd parity (LGC word) 

X » 0 as presently configured 

The data block contains 2 LGC 16-bit data or DSPTAB 
Words, except where an ID word is encountered. The * 
individual word formats are specified below. The LGC 
data word includes a parity (P) and sign (S) bit. (See 
Figure 621-1, 


(Bits) S/15 1 P 

LL 1.1.1 1 1. L1 Ll-Li LLP 

' --- ' 

Data Content 

Figure 621-1 

The DSPTAB word format Is essentially as specified in 
Figure 621-1, as far as this program is concerned. 
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Data List Address 


Fixed Bit Pattern 
(00437 ) 8 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed fpr data monitoring or for DSKY display moni¬ 
toring. Table 621-1 contains the specified Downlink lists 
which initiate the operation of this program. 

Basically, Program GAN 621 receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE-S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 
621-2) where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
*1* indication. If a '1' is encountered the word must be 
complemented prior to transmitting the word to GAN 622 
for further processing. Upon detection of an ID word, the 
data list address is transmitted to GAN 624 to allow 
that program to utilize the correct display format and 
scaling information. Figure 621-2 is given as a representative 
flow, to convey the Intent of the subprogram operation. 
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Operator Action : 

Uplink Requirements: 
Downlink Requirements: 
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Console Operator: No activity required. 

Spacecraft Operator: No activity required. 

Not applicable 

Filing: Upon detection of an error the appropriate informa¬ 
tion is recorded on the Downlink file tape as specified in the 
flow chart and Table 621-2. < vp: ' a : u t the i nlirk 
l : u< it remove :.} 

Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
621-2. Hie ACE requirements specification contains the 
CRT page and line information. 


m 
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- Table 621-1 

BASIC DOWNLIST FORMAT FOR LEM BLOCK U 


WORDCNT 

DATA 

Five-Word 

BLOCK 

WORDCNT 

DATA 

1 and 2 

ID 

i 

87 

DSPTAB +8 




88 

DSPTAB +9 

3-76 

3 7 DP words, the 

2-38 

89 

DSPTAB+10 


data contents of 

whirh dm _ 


90 

DSPTAB +11 


tied by the ID list 
address 


77 

UPLOCK 

39 

91 

TIME 2 

78 

T6LOC 

92 

TIME 1 

79 

DSPTAB +0 

40 

93 

(Channel 11) 

80 

DSPTAB +1 

94 

(Channel 12) 

81 

82 

DSPTAB +2* 
DSPTAB +3 

* 41 

95 

96 

(Channel 13) 
(Channel 14) 

83 

DSPTAB +4‘ 

42 

97 

(Channel 30) 

84 

DSPTAB +5 

98 

(Channel 31) 

85 

86 

DSPTAB +6 
DSPTAB +7 

43 

99 

100 

(Channel 32) 
(Channel 33) 


Five-Word 
BLOCK 

44 

45 


46 

47 

48 

49 

50 


Four ID groups shall be accepted as valid by this program: 


Downlist No. 

Word l^ 

Word 2 a 

1 

00321 

00437 

2 

01610 

00437 

3 

00253 

00437 

4 

00001 

00437 
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Table 621-2 (Continued) 


Error Description 

CRT Display 

File Tape Listing 

This indicates that Wordcnt 
has incremented beyond a 
specified limit, with no 

ID word detected. 

SYNCERR 1 

i 

621, SYNCERR1, Time Tag 
Reference, WORDCOUNT, 

5 word block 

At this point Mordent should 
be 101, if an ID has been 
received in the correct 
sequence. 

SYNCERR 2 

621, SYNCERR 2, Time Tag 
reference, WORDCOUNT, 

5-word block. 

Parity is incorrect’ in 
the first LGC word in 
data block. 

WORDERR 1 

621, W0RDERR1, Time Tag 
reference, 5 word block. 
WORDCOUNT. 

Parity is incorrect in 
the second LGC word in 
data block. 

♦ 

WORDERR 2 

621, WORDERR 2, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

ID word (bits 11 *15) 

' i (00) 8 , - 

WORDERR 3 

621, WORDERR 3 , Time Tag 
reference, 5 word block, 
WORDCOUNT. 

Fixed bit pattern in 

ID word is illegal. 

Invalid list address en¬ 
countered after attempting 
to utilize second LGC word 
to identify ID word. 

WORDERR k 

WORDERR . 5 

621, WORDERR 4, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

621, WORDERR 5, Time Tag 
reference, 5 word block, 
WORDCOUNT 

Invalid list address en¬ 
countered in the first LGC 
word in data block. 

WORDERR 6 

621, WORDERR 6, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

| Parity is incorrect in ID 

word. 

WORDERR 7 

WORDCOUNT, 5 word block 
WORDERR 7, Time tag ref. j 
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Figure 621-2 (3 of 3) 
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Title: 

Part Of: 

Purpose ; 

Calling Sequence; 

Normal Exit ; 

Error Exit: 

Computation Sequence: 
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QC Display Program GIN 622A 


Downlink Program 


The GC Display Program interprets all GC Display 
words that are detected as such by the GC Downlink 
Format Program GIN X21 and generates CRT displays 
identical in content and format to the on-board space¬ 
craft displays. This program provides ACE-S/C ground 
station test personnel the capability of continuously moni¬ 
toring all spacecraft keyboard displays. 


Entry; This program is activated only by the GC Down¬ 
link Format Program whenever it is processing Downlink 
data. 

Data: Input: Inputs to the display program consist of a 
complete 18 bit AGC Downlink Display word. 


.Output: Outputs consist of coded CRT display information 
which will be available for input to the Symbol Generator 
System (SGS) memory. 


Normal exit will be a return to the ACE Executive Program 
so it can provide data for program G&N X21. 


Error conditions will cause error information to be 
displayed on the CRT and recorded on the downlink 
file tape. After error recording, control is returned 
to the ACE Executive Program. Error messages are 
detailed in Table 822A-3. 

Activation of the GC Display Program is attained via the GC 
Downlink Format Program, GIN X21. Inputs to this program 
will be two 8-bit words and a word count value from 79 to 89 
inclusive. The word count specifies the position of the display 
word in the Downlink list which in turn is used to identify the 
specific format of the display word. 

The two 8-bit words constitute a full 16-bit AGC Downlink Display 
word. The format of this word is shown in Figure 622A-1. 
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Display Words (Figure 622A^1) < 
Information: 


■1st of tour parts of ooded 


1. The address in bits 15-12 is not used in Block n. 

Since the display words from the DSPTAB table are 
sequentially transmitted Downlink, the Downlink Format 
Propram (G&N X21) will supply this subprogram a word 
count which will properly identify each display word as 
defined in Table 622 A- 1 . 

2. The special code in bit 11 specifies a particular discrete 

associated with the Display word. a ete 

3. Bits 10-6 and 5-1 represent Display Codes which are 
associated with specific Display Names. These codes 
to Table^e numeric character to be displayed according 


Example: A Display Word with a bit configuration as shown 
In Figure 622A-2 and a word oount el 62 ahoidd t the ACS 

Display Program to: 

i-EE.. 2SSJS 1 rS'ai? • 
f;, <*» “ 

to TriteoU* dl8pUy regiSter ® 2D1 > to 3 according 
to TWe«Lda° f <U8play regiSteP ® 2D2 > “• « according 




* brief Ascription of the action to be taken on 
these display words. (See Figure 622A-S for flow diagram). 
WORD COUNT 


from 21 


DISPLAY WORD ACTION 


81, 87, 88 or 89 


86 

80, 83 or 85 

bit 11 * i 
bit 11 » o 


The special code bit (bitt 11), of these .4 
display words, is meaningless, therefore 
control is transferred to program region 1 . 

Go to program region 2. 

Bit 11 of these display words is interpreted 
as follows: 

Set sign indicator of R to plua. 

Do not change the sign indicator of R. 
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WORD COUNT 
from 621 


DISPLAY WORD ACTION 


79, 82 or 84 


bit 11 « 1 
bit 11 * 0 


Bit 11 of these display words is 
interpreted as follows: 

Set sign indicator of R to minus. 
Set sign indicator of R to blank. 


In both cases the program continues to region 1. 


NOTE: Words with word counts 84 and 85 set the sign 
of Rl; words with word counts 82 and 83 set the sign of 
R2; words with word counts 79 and 80 set the sign of R3. 


i 


i 


Rerionl - extracts the relay code corresponding to bits 
10-6 of the Downlink word and checks it against 
Table 622A-2 for legality, if the code is legal the Indicator 
Is set to display the digit from Table 622A-2 followed by 
a transfer to Region 2. If the code is not legal clear the 
sign display indicator and initiate a relay-error exit. 


Region 2 - extracts the relay code corresponding to bits 
5-1 and checks it against Table 622A-2 for legality. If the code 
is legal the indicator is set to display the digit from Table 
622A-2 fallowed by a return to the AGE Executive Program. If 
the code is not legal clear the sign and first digit display 
indicators and initiate a relay-error exit. 


Filing Requirements: (Applicable c:/.A tat 2 ;>a% 


rile uapal-'Hty is »'crrsr»vi\2. \ 


Upon detection of an error the appropriate records should 
be made on the file tape. These are given in Table 622A~3. 

An R-START is to be used to transcribe the entire display 
on the file tape. This R-START will be interrogated after 
the processing of the 11th display word (word count * 89). 

If the R-START is selected and the display has changed since 
the last recording, the entire display is to be recorded (in¬ 
cluding FLASH and UPLINK indicators). If either the R- 
START is not selected or the display has not changed, no 
recording should be macle. The recording should be prefaced 
by f 622A Display Recording*. 


Display Requirements: The CRT Displays required in error conditions are given in 

Table 622A-3. They and the DSKY CRT displays will be formatted 
on the pages defined in the ACE Requirements Specification. 
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16 BIT GC DOWNLINK DISPLAY WORD 


Address 



Figure 822Ahl 


Address 


i DISPLAY word example 
S P«? ial Relay Relay 


Parity 


cir. — n 

^. J 

H 

o 

o 

o 

o 

-1,1 1 -°J 

1 11 ill 

1 lo 01 1 1 


Figure G22M 
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Associated 

Word 

Count 

89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

79 


Table 622A-1 


Table of DISPLAY Words 


Address 

Bits 15-12 
Binary Code 

Special Code 

Bit 11 

Display Name 
Relay Code for 
Bits 10-6 

Display Nan 
Relay Code 
Bits 5-1 

N 

— 

MD1 

MD2 

O 


VD1 

VD2 

T 

— 

ND1 

ND2 



— 

R1D1 

U 

+ R1 

R1D2 

R1D3 

S 

- R1 

R1D4 

R1D5 

E 

' + R2 

R2D1 

R2D2 

D 

- R2 

R2D3 

R2D4 


-- 

R2D5 

R3D1 


♦ R3 

R3D2 

R3D3 

♦ 

. - R3 

R3D4 

R3D5 

♦ 

' Table 622A~2 



5 Bit Relay Codes for Numeric 

Character Display 


BLANK 

00000 



0 

10101 



1 

00011 



2 

11001 



♦ 3 

11011 



4 

01111 



5 

11110 



6 

11100 



7 

10011 



8 

11101 



9 

mu 
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Table 622A-3 
ERROR DESCRIPTION 


ERROR 

CRT 

STANDARD 

DISPLAY 

MESSAGE ON 
FILE TAPE 


A word has appeared 

RELERR1 

«32A RELERR1. 

containing a relay code 


ie-bit word. 

which is not in Tabic 632Ar3 


time tag, and 

ID code 


i 


+422A«6 


301 



APOLLO G&N Specification 
ND1002319 REV A 







APOLLO GW Specification 
ND1002319 REV A 


222l : l GC Downlink Interpretation Program, LEM GW 624A 

Part Of : Downlink Program 

Purpose: ™® subprogram defines the interpretation of the LGC Down¬ 

link Data which is required for ACE-S/C console operator usage 
and Information. Four downlists are to be processed by this 
subprogram for post-installation testing. The second word of 
the identification group for all downlists is identical, i.e., 
00437g. Lists with a first ID word of 00321g or 01610g shall 
be processed entirely as described In Table 624A-1. For Hats 
with the first ID word 00253 g or 00001 8 , words 3 through 76 
should not be processed, but words 1 , 2, and 77 through 100 
should be processed as described in Table 624Ahl. 

Calling Sequence: Entry: This subprogram is activated by tbs LGC Downlink 

Format Program, GW 621, whenever the format Program 
is processing Downlink Data. 

Data Input: Input from GW 621 to the Downlink Interpretation 
Program consists of a 16-bit LGC Downlink Data Word. Two 
tyP®* LGC words will be processed fay GW 624: 

1) Identification: This word specifies the list 
4 which is being received fay GW 624. 

i 2) Data: Actual LGC data words. The position in tbs 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use fay other ACE¬ 
S/C GW Subprograms. 

Normal Exit: Return to ACE Executive Program which will 
.• supply more data to GW 621. 

Error Exit: None. 

Computation Sequence: The downlink list for the LGC is transmitted once per second 
and consists of 100 words (two per prime frame). Each prime 
frame consists of five 8-bit PCM words which ooutain a 1-bit 
word order oode, two 16-bit LGC words and seven extra (0) bits: 
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BIT 

WORD 1 WOC 8/15 14 13 12 11 10 0 

WORD 28 7 6 5332 1 

WORD 3 P S/15 14 13 12 11 10 9 

WORD 48 7 654321 

WORD 5 P 0 0 0000 0 

The Word Order Code (WOC) it 0 for an ID word and 1 for data wordi. 

Piu Parity Bit 
S la a Sign Bit 

Table 624A-1 describes the content* of the list and provides the processing 
requirements for each word. 

■' « 

Operator Action ; None 

Uplink Requirements : None 

Downlink Requirements : CRT Display: The ACE-S/C Programmli* Requirements 
Documents contain the CRT scope and line information 
associated with displays referenced in this subprogram 
specification. 

Filing Requirements: None. 
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8CAUS 

FACTOR 

.E < 

S-—ss...5,* sill 

35 cl cl do « 

DISPLAY 

f _ | K c 

si Is S 6 I B gp 

eeili ^ 9d ri 8l «^a ls| i § 

11?;! i p g eBslg ; 1 1 ?b§ 

IlSSkWaa^Siflil^v. \il B.lli 

8 

Is 

ii 

V 

ill" ' ’ 111 is 

JjJ" a j j $$. 

Ill' • Ilsl22i3i33332!-........ j|441{ ‘ 

bit(s) 

£!9!9!9!9!0 i- 3 3 •>£ •>nnn ««> » 

••••••••• 32333aaa3 

j 

4 3 

_ M M H M l*** 

^ jj ^ * jj * ^ |J J** 

WORD 

HUMBER 
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SCALE 

FACTGR 

* 1 *.••••••. 

DISPLAY 

III III ef ilElpPIIlS I si 1 

s i 1 |||I % ijSjfci SfflHiJ £ a 

ij fiS2-§lJ|jBgi5* fpaalp g b 1 

' I* 

. • i , 

o’** 

s 

J ; ^ 

3|3 3333333|33l3*I 3 I 331 1 3 

-e^i. 

BIT(S) 

u h 

H H H W r °-* , * VO ^ UJH CM MWO I-® <*£ rj Oj rjjj ia Jg CVj H CM 

WORD HAMS 

a » * 

HBSI .1. 

if 

R & R 815!« S! 5! R S! S3 5! S! S K*************** jR £ $ jr $ jr* $ 


4-624A*6 


308 







TABLE 624Arl (Cfinftinuefi) 


APOLLO GAN Specification 
ND1002319 REV A 


. SCALE 
FACTOR 

...... 

DISPLAY 

? ? 8 fpll H 1 fl?8 

!, Ill 1 ■ WifibumBMHpliis 

I| f.Ml liliSi«s'i'^siiiiiiilg^ . 

Si:lliliaili5S3SSg^?Saa“""ii S pg 

DATA MAHIPULATIOX 

See Note ( ) 

I . 

_8- ' ' 


bit(s) 

a 

*%+ CM MS VO h-® ®vg OJ rnjJ CM fO-O UN® r^® Ovg CJJlj CM CO 

VGRD HAMS 

* * a a 

If. 

fc fc 6: fe fc fc 5:5: S: 6; fc fe & fc &»&»»»&$&&$»$$»& $ & $ 
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NOTES: 

If/A 

(•) 

(b) 

(c) 


(d) 

(•) 

(t) 

(g) 

(h) 

(i) 
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TABLE 624Afc-It (Conttmrtd) 


- Hot Applicable. 


If the bit indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. 

If either bit equals one, display the word underlined. 

If both bits are zero, display the word in parentheses. 


Combine the Ik magnitude bits of the most significant (MS) part 
with la magnitude bits of the least significant part(LS). The 
decimal conversion should be made only after the two parts 
of the double precision word have been sign checked. The 
signs appear in bit 15 of each word. See "Remarks" for a 
method for handling double precision words. 


Same as (b). 


ROTH: This double precision word must be scaled two ways 
each of which is displayed. 

Store bit status far OIK 631. 

Store values for OHI 602. 


Store bit itatus for OH! 622 and 632. If the indicated bit is 
a one, set the SOS Discrete for VERB-HOUR FLASH. If the bit is 
zero, clear the discrete. 

If the bit indicated equals one, set the SOS Discrete that 
displays the word in the display colimm. If the bit equals 
zero, remove the appropriate 80S Discrete. 
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REMARKS} 


Method of Handling Double Precision LGC Downlink Words 


Figure 624A-1 in aflew diagram ot a dehorn* to* handling the detahle prndaien 
(DP) IGC downlink words. Each word consists of a sign bit (the high 
order bit), fourteen data bits and a parity bit (low order bit) for odd 
parity. The downlink words A and B may be In one of four conditions; 
plus zero (OOOOOg), minus zero (77777 a), positive non-zero or negative 
non-zero. 

Tests are made on the sign and magnitude of A, and depending cm the 
results, similar tests are made on B as outlined in Figure 624At»l. lathe 
cases where A is plus or minus zero, the sign of B shall be the con¬ 
trolling sign. 

In cases where A is non-zero and B Is of opposite sign, the conversions 
to A and B are made as shown In Figure 624A-1; thereby forcing'the mign -of 
B to agree with the sign of A. 

Prior to combining the DP words into a single quantity, the 8 and P 
, bits are dropped. Converted B Is then added to converted A X 2 , and 
the resulting 26 bit word is converted to decimal, scaled and displayed 
cm CRT with a sign as specified in the flow diagram. 
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FIGURE 624A*>1 

METHOD OF HANDLING DOUBLE PRECISION LGC DOWNLINK WORDS 
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Title: 
Part Of : 
Purpose: 



LGC Downlink Inte rpretation Program GIN 624B 
Downlink Program 

This subprogram defines the interpretation of the LGC Down¬ 
link Data which is required for ACE-S/C Console operator 
usage and information. Four downlists are to be processed 
by this subprogram for post-installation testing. The second 
word of the identification group for all downlists is identical, 
i. a., 00437g. Lists with a first ID word of 00321g or OI 6 IO 0 
shall be processed entirely as described in Table 624B-1. 

For lists with the first ID word 00253 8 or 00001words 2 
through 76 should not be processed, but words 1 and 77 through 
100 should be processed as described in Table 624 B- 1 . 

Entry: This subprogram is activated by the LGC Downlink 
Format Program, GAN 621, whenever the format Program 
is processing Downlink Data. 

Data Input: Input from GAN 621 to the Downlink Interpretation 
Program consists of a 16-bit LGC Downlink Data Word. Two 

• *yP9» of LGC words will be processed by GAN 624B: 

1) Identification: This word specifies the data list 

♦ which Is being received by GAN 624B. 

2) Data: Actual LGC data words. The position in the 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and pro- * 
oessed parameters stored in temporary buffers for use by 
other ACE-S/C GW Subprograms. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to GAN 621. 

Error Exit: None. 

Table 624B-1 describes the contents of the list and provides 
the processing requirements for each word. 

None. 

None. 
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Downlink Requirements: CRT Display: The ACE-S/C Programming Requirements 
Documents contain the CRT scope and line information 
associated with displays referenced in this subprogram 
specification. 

Requirements; Activation of the »RECORD» RESTART module function 

switch specified in the PRPS or PRD will cause the »Hn g 
of a time tag and the following: 

Octal Words: ID 

Event Words: RADMODES, IMODES30, DSPTABfll, 

CHNL 11, CHNL 12, CHNL 13, CHNL 14, CHNL 30, CHNL 31. 
CHNL 32, CHNL 33 

Single Precision Words: REDOCTR, CDUX, CDUY, CDUZ, 
CDUS, CDUT, PIPAX, PIPAY, PIPAZ 

Double Precision Words: (TIME l, TIME 2) 


i 
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DISPLAY 

N/A 

N/A 

N/A 

N/A 

N/A 

VDRIFT 0 ±XXX. XX MERU 

N/A 

SDRIFT I iXXX. XX MERU 

N/A 

EDRIFT T +XXX.XX MERU 

N/A 

N/A 

N/A 

ANG Z iXXXXX 

N/A 

ANG Y/PDPA N XXXXX 

N/A 

ANG X/PIPA E XXXXX 

N/A 

N/A 

N/A 

N/A 

N/A 

RR RANGE +XXXXXXXXXX. XXX FT 

LR VX +XXXXXXXXX. XXX EPS 

RR RANGE RATE iXXXXXXXXX. XXX FPS 
LR VY *XXXXXXXXX. XXXXX FPS 

LR VZ aXXXXXXXXX. XXXXX FPS 

LR ALT aXXXXXXXXX. XXXXX FT 

53 

g 

3 : 

S a> 

§ 

P 53 S3 

0$ P$ 05 

' H ^ sss 

2 H * h 6 * « 

H H H hi 10 00 U> £ 

§ g §■ «*88 5 6 

sss ' ???? § I 

s s s s gjs&& ; * 

llllllllilllllllllllli! ill * 

BIT (S) 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

WORD NAME 

THETAD + 1 
THETAD + 2 
DELVX 

MARKSTAT 

XY MARK 

DRIFT 0 

DRIFT 0 + 1 

DRIFT 1 

DRIFT 1 + 1 

DRIFT 2 

DRIFT 2 + 1 
TORQUE 0 

TORQUE + 1 

ANG Z 

ANG Z + 1 

ANG Y/PIPA N 

ANG Y + l 

ANG X/PIPA E 

ANG X + 1 

V LAUN 

V LAUN + 1 

V LAUN + 4 

V LAUN + 5 

R STACK (MS) 

R STACK + 1 (LS) 

R STACK + 6 (MS) 

R STACK + 7 (LS) 

R STACK +12 D (MS) 
R STACK +13 D (LS) 
R STACK +18D (MS) 
R STACK +19D (LS) 

WORD 

NUMBER 
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gHHggOgg 

.iligssss. 
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i h ot p$ j> 

is 

Ssg 

H w ^ D 
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H « 55 !5 3 « H 
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DISPLAY 

N/A 

ABORT_(ON) 

STAGE VERIF_(ON) 

ENG ARMED_(ON) 

ABORT STAGE_(ON) 

AUTO THROT_(ON) 

DSP INRTL DATA_(ON) 

RR CDU FAIL (ON) 

N/A 

IMU OPERATE (ON) 

GAN CNTL LEM_(ON) 

IMU CAGE __(ON) 

ISS CDU FAIL (ON) 

ISS FAIL (ON) 

ISS TURNON RQST (ON) 

TEMP IN LIM_(ON) 

+EL LPD, +PMI_(ON) 

-EL LPD, -PMI (ON) 

+YMI_(ON) 

-YMI_(ON) 

+AZ LPD, +RMI_(ON) 

-AZ LPD, -RMI_(ON) 

+X TRANS_(ON) 

-X TRANS (ON) 

♦Y TRANS_(ON) 

-Y TRANS (ON) 

♦Z TRANS_(ON) 

-Z TRANS_(ON) 

ATTITUDE HOLD (ON) 

AUTO STAB_(ON) 

ATT CNTR DETENT rON) 

DATA MANIPULATION 

See Note ( ) 

< 

, 4 ✓ • % 

1 3 s 

£SSSSSSSS 

BIT (S) 

iO 

H 

WORD NAME 

CHNL 14 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 30 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

CHNL 31 

WORD 

NUMBER 

96 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 
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DISPLAY 

JETS 2-4 FAIL _ (ON) 

JETS 5-8 FAIL_(ON) 

JET8 1-3 FAIL (ON) 

JETS 6-7 FAIL_(ON) 

JETS 14-16 FAIL_(ON) 

JETS 13-15 FAIL (ON) 

JETS 9-12 FAIL_(ON) 

JETS 10-11 FAIL_(ON) 

PITCH GIM OFF_(ON) 

ROLL GIM OFF_(ON) 

N/A 

N/A 

RR ON/AUTO_(ON) 

RR RANGE LO-SC_(ON) 

RR DATA GOOD_(ON) 

LR ALT D GOOD_(ON) 

LR POS 1 __ (ON) 

LR POS 2 _ (ON) 

LR VEL D GOOD _ (ON) 

LR ALT LO-SC _ (ON) 

BLOCK UPLINK _ (ON) 

UPLINK TOO FAST (ON) 

N/A 

PIPA FAIL _ (ON) 

LGC WARNING _ (ON) 

OSC ALARM _ (ON) 

DATA MANIPULATION 

See Note ( ) 

' * * * . 

« ' • V 

s a < 

23S3333232!b:b 332233333 Sj?323 

BIT (S) 

10 

H 

H N W IO.W t>OOAHHHdn«IOet-«AHHHHHH 

WORD NAME 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 32 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

CHNL 33 

WORD 

NUMBER 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
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TABLE 624B-1 (Continued) 


NOTES: 

N/A 

CTDEC 

CTOCT 
SF . 

(a) 

(c) 


(©) 

(f) 

(g) 

<k) 

(i) 

0 ) 

(k) 


Not Applicable 

Convert the word to decimal considering the word to be a 14 bit 
number with a sign bit in bit 15 and that if the sign is negative 
(bit 15 * 1) the 14 data bits are received as the 2's complement. 

Convert the 15 bit number to OCTAL 

After converting the number to decimal, multiply by the scale 
factor indicated. 

If the bit indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. 

Combine the 14 magnitude bits of the most significant (MS) part with 
14 magnitude bits of the least significant part (LS). The decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. The signs appear in bit 15 
of each word. See "Remarks" for a method for handling double 
precision words. 


NOTE: This double precision word must be scaled two ways, 
each of which is displayed. 

Store bit status for GfzN 631. 

Store values for GIN 602 

Store bit status for GIN 622 and 632. Iff the indicated bit is a one, 
set the SGS Discrete for VERB-NOUN FLASH. If the bit is zero ' 
clear the discrete. * 


If the bit indicated equals one, set the SGS Discrete that displays the 
word in the display column. If the bit equals zero, remove the 
appropriate SGS Discrete. 


These bits must also be displayed as follows: 


ISS MODE X 
bit indie 




where X is a 'O' or '1' for the 
n 


Treat this word as an unsigned 15 bit counter, convert to decimal 
and multiply by 360°/2 15 
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K-START Module Program Gift 631 


Uplink Program 


This subprogram accepts data input in the form of GC 
keycodes from the punched tape reader or the keyboard, 
via the K-START module, These keycodes are checked for 
correct parity and valid codes and then formatted into a 
command word for eventual transmission to the External 
DTCS. The status of the Uplink system and the GC is 
monitored, and the Uplink command sequence is controlled, 
to the acceptable input rate of the GC. 

Entry: This subprogram operates under Uplink Executive 
Program control and will be initiated from K-START module. 

Normal Exit: Return to Uplink Executive Program 

Error Exit: Error conditions will be displayed for the 
1 operator on the CRT and recorded on the Command Tape. 
Those error conditions are subsequently described in Table 
631-1. 


1) The data content utilized by this subprogram consists of 
a five bit Keycode plus a parity level. The input consists of 
information received either from K-Start punched tape 
(Automatic Mode) or from the K-Start Keyboard (Manual Mode). 

2) Keycode delay factor of XXX milliseconds entered via 
C-Start. The format for this input is specified in the PRPS on 
PRD. 
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Computation Sequence; 


This subprogram is initialized upon operator action by 
means of the K-START module, either in manual or auto¬ 
matic modes. A five bit keycode (see Table 631-2) as pre¬ 
viously mentioned is generated by internal logic upon 
depression of a keyboard switch or by punched tame input 
via the tape reader. A transfer to G&N 632 takes place 
if an R-START module execute is detected. 


The format of the paper tape entry is shown below. 



5-Bit 

Keycode 


During keyboard entry, the stop and skip positions will contain 
zeroes and the parity bit is generated internally upon depres¬ 
sion of the keyboard switch. 

Once a keycode is received by G&N 631, no other data is 
allowed into this subroutine until so commanded, to ensure 
that the GC receives Uplink commands at the correct 
transmission frequency. The keycode is checked with the 
parity bit to assure that odd parity exists. In the event of a 
parity error, a CRT display occurs, combined with the 
non-verify lamp display to inhibit further entry through 
the K-START module. A normal Command Tape recording 
occurs for post test analysis. If parity is odd, a check is made 
on the validity of the received keycode, by means of table 
look-up. A CRT display occurs with a "non-verify” light to 
indicate an invalid keycode and to inhibit further commands. 

A normal Command Tape recording occurs for post test analysis. 

A valid keycode is then transformed into a 16-bit GC Uplink 
Word format and combined with the DTCS G&N buffer address 
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and required control bits as shown below. 


G&N UPLINK WORD FORMAT 


o23 


.XXXX 


G&N 

Buffer 

Code 


JL ^xxxxx Xkxxx xxxxx x x 2 x 

j --y— -' V “>^ 

%{ t F lS-Blt Command C ^ ro1 


Prior to transmittal of a sequence of command words* a 
sequence of tests are made on the incoming keycodes to de¬ 
termine if the command sequence contains a V36. If so, 
two GC discretes are monitored* namely the "Gimbai Lock" 
and the "IMU Operate". If both discretes are set to a "one" 
state; then a "non-verify" display will occur on the K-START 
and the next Keycode will not be transmitted Uplink. 

Another discrete is monitored* the "Operator Error" flashing 
discrete (Channel 11, bit 7). An error status will cause this 
subprogram to terminate the processing of GC commands 
by inhibiting further K-START data entry with a "non-verify" 
signal. A normal system recording will occur on the command 
tape as specified in Table 631-1. 


The final discrete tested is GC word UPLOCK, bit 1. A 
one state will result in a test for an "alarm reset" keycode. 
If this code is available* then two commands will be trans¬ 
mitted at the correct frequency. The first command will zero 
the GC Uplink register and the second* namely* the "reset" 
keycode will possibly reset the alarm indication triggered 
by UPLOCK, bit 1. The "zero" state for this discrete* will 
allow the subprogram to continue and transmit the commands 
to the GC with subsequent recordings on the command tape. 

The K-START module is sealed after receipt of a keycode, 
to allow the correct transmission frequency to the GC to be 
utilized. The sealing can occur as soon as a "good" CSR is 
received from the DTCS, after which a time delay 
is utilized to give an approximate maximum input rate to the 
GC of six keycodes /sec. 

A "bad" CSR response should cause the K-START to display 
a non-verify and subsequently be unsealed* to allow further 
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operator action to be taken. It should be noted at this point, 
that as the state of the above mentioned discretes can change 
at a maximu m of only mice every second, approximately eight 
commands could be transmitted Uplink before repeating discrete 
testing. Figure 631-1 is given as a representative flow, to 
convey the Intent of the subprogram operation. 

During the processing of the input keycodes a test is made to 
determine whether the range time since "Sealing" the K-START 
module is greater than or equal to the time delay factor entered 
via C-START. If so, the verify indication is displayed 

the subprogram then transfers control to the Uplink Executive 
program. If not, the module remains "Sealed" to inhibit further 
input through the K-START module until the time delay has elapsed. 
This regulates the input rate of keycodes to the GC. A nominal 
time delay factor is 90 milliseconds. 

Console Operator: Operator action is required to initiate this 
sub-program by entering data via the K-START module keyboard 
or tape reader. 

When a NON-VERIFY display occurs, further character entry 
is allowed after depression of the NON-VERIFY switch. 

For tape mode of operation enter 3100000XXX into C-START. 

XXX is the time delay factor in milliseconds. 

The operator's responsibility includes the monitoring 
of displays and the initiation of procedures based upon 
the display interpretation. Normally the status of the 
Accept Uplink discrete was processed by the K-START 
module subprogram (G&N 631) prior to transmission of 
data Uplink. However, this discrete is now permanently 
wired to give a display of "Accept Uplink On*, therefore 
no testing of this bit by this subprogram (G&N 631) takes 
place. If the 'Operator Error On" condition appears, this 
subprogram will inhibit data transfer through the K-START 
with a^on-verify. The operator will reset this 'Vion- 
verify switch and insert a "reset" keycode to clear the 
Operator Error display. Then correct the illegal data 
sequence and re-enter through the K-START. 
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An "UPLOCK bit *" display will again inhibit data transfer 
through the K-START. The operator will reset the "non- 
verify and insert a "reset" keycode to clear the discrete. 

The subprogram will then transmit a "zero" message 
followed by the "reset" keycode. This may reset the 
UPLOCK ’ discrete and the operator can continue his 
interrupted sequence of commands by re-inserting the 
previous keycode. 

Two other conditions cause this subprogram to inhibit data 
input through the K-START, they are a parity error and an 
invalid keycode. The operator will release the non-verify 
and apply corrective measures to the input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Enter" sequence after moni¬ 
toring thq "Gimbal Lock" and "IMU Operate" discrete displays. 

Commands inserted via the keyboard will be verified by 
means of the "closed loop" display, which depicts the GC 
DSKY status on the CRT, prior to depression of the "Enter" 
keycodes. The punched tape input, if visual verification is 
desired, should contain strategically located "stop" codes 
in the Verb/Noun and parameter sequences, to allow the 
operator time to perform verification. 

"Spacecraft Operator: No activity required. 

Uplink Requirements: DTCS Transmission: The data word transmitted to the GAN 
buffer is identified in the Computation Sequence and will be 
generated as required. 

DTCS Stimuli: None 

Transmission Time: During GAM testing this will be specified 
in the Operational Checkout Procedure. All other times will be 
• as required. 

Filing: l) All K-START command information will be recorded 
on the command tape. 

2) Additional recordings for error conditions discrete 
Inhibits are specified in Table 631-1. 


32S 
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Downlink Requirements: 

CRT Displays: 


1* The time delay factor in XXX milliseconds the 

appropriate nomenclature. 


2. Program error displays as specified in Table 631-1. 


The Program Requirements Process Specification contains 
the CRT page and line information. 

Remarks: __ 

Definition of Flow Chart Symbols 

Symbol 

Definition 

KEYWORD 

Contains current keycode to be processed. 

ZERCODE 1 

Uplink command to zero the LGC Inlink 
register for resync purposes. 

i 

UPCOM 

Contains command word content. 

Channel 30 
Channel 11 
UPLOCK 
DSPTAB +11 

GC Discrete registers, processed by 
GfcN 624A, 624B, or 224A. 
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Table 631-1 


CRT Error Display Definition 


Error or Discrete CRT 

Display 

Odd parity does not exist * PARERR 1 
in the data frame received 
from K-START module. 

An invalid GC keycode has KEYERR 1 
been received by this sub¬ 
program. 

An illegal entry of a V36E KEYERR 2 
has occured. 


K-START ‘ 
Module Display 

Non-Verify 

Non-Verify 

Non-Verify 


Command Tape 
Edit 


631, PARERR 1, 
Time Ref. 


631, KEYERR 1, 
Time Ref. 


631, KEYERR 2. 
Time Ref. 


This indicates that an incorrect OPERATOR Non-Verify 631. Op. Error, 
keycode loading procedure has ERROR ON* Time Ref. 

oceured and entry through the 
K-START is inhibited. 


♦Thes e CRT discrete display. »re set by G4N «24A er:«24ff ACS-8/C DowoUi* i; tat'.r 
IhtaguetatloD Program. * iwi.or. 
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Table 631-2 

Legal AGC/LGC 


Character Code 

^ MSB LSB 


0 



10000 




00001 

2 



00010 




00011 

4 



00100 

5 



00101 




00110 




00111 




01000 




01001 

VERB 



10001 

RESET 


- 

10010 

:y release 



11001 

PLUS 



11010 

MINUS 



11011 

ENTER 



11100 

CLEAR 



11110 

NOUN 



mu 
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Figure 631-1 (2 of 3) 
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Title: 
Part Of : 
Purpose: 


Calling Sequence: 


Special K-Start Load-Verify and Verify Program GW 632 
Uplink Program 

This program is used to check and verify or record the contents 
of GC erasable memory locations. All data to be verified or 
recorded is specified on pre-punched K-Start input tapes. 

Two options have been provided for verification or recording. 
Selection of these options is attained through activation of 
R-Start Module function switches and K-Start. 

Entry: This program is activated only by the K-Start Module 
Program (GW 631), whenever it in turn has been activated 
and also if the R-Start Module specified in the PRPS or PRO 
has been executed. Function switches of this R-Start Module 
specify one of two options used by GW 632. These are: 

1, Load-Verify - Activation of the specified R-Start Module 
function switch causes GW 632 to verify that the da ta 
\ being loaded into erasable GC memory locations is 
Identical to the data stored on the K-Start input tape. 

* 2. Verify - Activation of the specified R-Start Module function 
switch causes GW 632 to check and verify that the contents 
of previously loaded and verified GC erasable memory 
1 locations have not been altered by internal GC functions or 
external input means. 

Data: This consists of information received from punched 
K-Start tapes. The data content utilized by this subprogram 
consists of five bit keycodes plus a parity level. 

Normal Exit: 

1. Return to GW 631 whenever keycodes are to be checked 
for validity and parity and then transmitted to the GC 

2. Return to Uplink Executive Program when a complete 
Special K-Start tape sequence has been processed by 
GW 632 and 631. 

Error Exit: Error conditions will be displayed on the 
CRT for operation action. 
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Activation of this program is attained via the K-Start Module 
Program, GO? 631 following operator action on the specified 
R-Start Module and K-Start Module. Execution of the R-Start 
must occur before K-Start action. The K-Start execute causes 
the ACE Executive to activate Gift 631 which in turn activates 
and maintains dose Interface with GW 632 provided R-Start 
Module execution is sensed by GW 631. If GW 631 does not 
detect execution of this R-Start it then treats the K-Start input 
tape in a normal fashion. The paragraphs below represent a 
description of the logic contained in the flow diagram shown in 
Figure 632-1. 

Upon entry from GW 631 various counters and indicators 
are set to specific values depending on which function switch 
of the R-Start Module has been executed. GW 632 then reads 
the R1 keycode characters into the CDC and seals the K-Start 
Module. These keycode characters represent the initial VERB- 
NOUN sequence to be transmitted Uplink. 

The format of this "record" is checked for validity. This 
t should be 18 keycode characters for the Load-Verify and 
Verify tape (the tape format defined in Table 632-1.) Format 
non-verification results in a CRT error display, K-Start 
t Module release and program control return to ACE Executive. 

If the Verify option has been selected, the one component load 
Verb-Noun is changed to one component display Verb-Noun 
i (V21N01 to V01N01). 


At this point in the program a loop is set up, based on the 
wnnV* whichloads one keycode at a time into KEY¬ 
WORD and allows GAN 631 to perform its normal function 
of completely verifying each keycode from GAN 632 and 
transmitting each Uplink. (See GAN 631). After all appropriate 
keycodes have been transmitted Uplink, the Flash discrete is 
obtained from the GAN 622 buffer. A test is made on the Flash 
discrete. If "1" (flashing), GAN 632 delays until the next 
DSPTAB table is displayed by GAN 622 and repeats the 
"Flash" test. A third failure in this area should csnwe an 
error exit with a CRT error display and a return to ACE 
Executive. 


S3* 
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If the ‘’Flash” discrete is ”0” (stop flashing! the program 
delays until the next DSPTAB table is processed by GAN 622 
and obtains the Rl, R3, VERB and NOUN values. This delay 
is to assure GAN 632 that all pertinent GC DSPTAB updated 
data has been received by the Display Program. Following 
this delay the Verb-Noun combination for the particular tape 
option in progress is checked for validity, the input address 
is compared against the contents of R3 and the input constant 
is compared against the contents of Rl. Any invalid test results 
in an error exit as specified above. 


Following valid testing, GAN 632 releases the K-Start seal, 
reads one keycode character and checks this code for Key- 
release. Detection of the Key-release code will result in 
K-Start module seal and an exit to GAN 631 for Uplink 
transmission of the Key-release Keycode. When re-entered 
from GAN 631, the K-Start module is un-sealed, KSEQ 
”OK" is displayed on the CRT and GAN 632 returns control 
to the ACE executive. If, however, the first code of the 
"record” is not Key-release. GAN 632 reads R2-1 keycode 
characters into the CDC and seals the K-Start Module. These 
keycode characters represent interim "records” of keycode 
data necessary for the proper operation of the one parameter 
Load or Display Verb-Noun combination in the GC. The 
format of each "record” is tested for validity. An improper 
format results in an error exit as previously specified. With 
a legal "record" the program sets up a loop, based on the 
K2 value, for Uplink Keycode transmission via GAN 631. 

1 

Following successful Keycode transmission GAN 632 
obtains pertinent data from the GAN#622 buffer and repeats 
a sequence of testing as specified above. 


Operator Action : Console Operator: To activate GIN 632, the R-Start Module 

specified in the PRPS or PRD must be executed. Two options 
„• are available: 

1. One function switch selects the Load-Verify option. 

2. The other selects the Verify option. 

In addition to the R-Start execute, the K-Start Module must also 
be activated. 

The operator's responsibility also Includes the monitoring 
. of displays and the initiation of procedures based upon the 
display interpretation. Before initiating action to process 
a Special K-Start tape via GAN 632,the console operator 
should check and perform the following operations: 
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1. Depress the NON-VERIFY switch if the non-verify 
light is on. 

2. Check the CRT status of: 

Operator Error discrete for "ON" 


If any of these conditions exist. Uplink transmission will 
be inhibited by G A N 631. Recovery Procedures for these 
conditions are specified in the "K-Start Module Program 
GAN 631" Computation sequence section. 

After verifying that the above conditions have been fulfilled 
the operator may initiate processing of the Special K-Start 
tape as prescribed. CRT monitoring should continue during 
GAN 632 K-START tape processing. Illumination of the 
NON-VERIFY light will result in the discontinuation of the 
Special K-Start tape processing. When this occurs, the con¬ 
sole operator should record the Indicated error in order to 
initiate corrective procedures. The error displayed will be 
one of the following: 

1. VERROR 1 through VERROR 5 indicates error detection 
in G AN 632 (See Table 632-2 for definitions.) 

* > 

2. PARERR I, KEYERR 1, or Operator Error "ON*' 
indicate error detection in GAN 631. 


An error free K-Start tape sequence will result in the CRT 
display of KSEQ 'OKV 

VERROR Recovery Procedures 

One of three operator actions must b e taken if G AN 632 detects an error 
(VERROR type). 

L Re-cycle : Ibis allows a re-run of the present K-Start 
tape sequence. 

a. Re-load K-Start tape to Verb character. 

b. Re-initiate K-Start action. 

2. Continue: Ibis allows tape operation to continue from 
. point of error. 

a. Re-initiate K-Start action. 
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3. Abort : This terminates processing of the present K-Start 
tape sequence. 

a. Manually insert 'ERROR-RESET' to allow GAN 
632 to "unseal" the R-Start module. 


Spacecraft Operator: 


No activity required. 
Uplink Requirements: 

DTCS Transmission: 


The word transmitted Uplink is identified in the Computation 
Sequence section of G A N 631. 


DTCS Simuli: . 


None. 

Transmission Time: 

As required.*. 

Filing; 

All K-Start command information will be recorded on the 
command tape by G & N 631. 

Downlink Requirements: 

CRT Display: 


This information is detailed in the program flow chart and 
consists of KSEQ 'OK' if no errors occur or program error 
displays if any are detected by either G & N 632 or G A N 
631. If this test is aborted by means of the "ERROR-RESET" 
code, KSEQ 'NG' will be displayed on the CRT. Error displays 
are defined in Table 632-2. The ACE Requirements 

Specification contains the CRT scope page and line information. 
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Remarks : A definition of terms used in this subprogram is as follows: 


L Flag Program indicator specifying one of three program options. 

2. K1 Counter whi ch specifies the number of key codes to be 

initially transmitted to the GC. 

3. K2 Counter which specifies the number of key codes to be 

transmitted to the GC after initial transmission. 

4. R1 Counter which specifies the number of keycode characters 

to be initially read and processed. 

5. R2 Counter which specifies the number of keycode characters 

to be read and processed after the initial "record". 

6. KEYWORD Register containing 8 bit keycode for GAN 631 processing. 

7. VERROR Indicator set by G A N 632 whenever errors are encountered. 

(See Table 632-2.) 

8. KSEQ CRT Indicator set to display 'OK' if a complete Verb-Noun 

sequence is verified error free. Set to 'NG' if test is aborted 
due to error detection. Entry to G A N 632 blanks 'NG' or 
'.OK*. , 

9. BLKCNT Value specifies K-Start data block being processed when 

GAN 632 detects an error. Part of Uplink command tape 
recording. 

10. WDCNT Value specifies last tape input character which was detected 
as an error by G A N 632. This word count is used in con¬ 
junction with the Block Count value. Part of Uplink co mm a n d 
tape recording. 
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Table 632-1 
TAPE FORMATS 


Load-Verify end Verify Tepe 


HEADER 


Verb 21 Noun 01 ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 

ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 


ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 

STOP KEYRELEASE 


341 
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Table 632-2 


CRT ERROR DISPLAY DEFINITION FOR GlcN 63 2 


Error 

CRT 

Display 

K-Start 

Module 

Display 

Improperly formatted 

K-Start tape. 

VERROR 1 

Non-Verify 

Flash discrete 'ON*. 

Load or display Verb- 
Noun address and/or 
data values not accepted 
by GC. , . . 

VERROR 2 

Non-Verify 

DSP TAB yerb-Noun 
not same as input 

Verb-Noun. 

i . 

VERROR 3 

Non-Verify 

DSPTAB address (R3) 
does not verify with 

Input address. 

VERROR 4 

Non-Verify 

DSPTAB constant (Rl) 
does not verify with 
input constant. 

VERROR 5 

Non-Verify 
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Figure 632-1 (1 of 2) 
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Figure 632-1 (2 of 2) 
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Title: 

G&N High Rate Channel Control Program GW 641 

Part Of: 

Communication Program 

Purpose: 

This program controls the switching of selected signals 
for transmission over the 400 sample/second high rate 
sampling channel. 

Calling Sequence: 

Entry: This program will operate under Executive Con¬ 
trol and will be initiated from the C-START module 
specified in the PRPS or PRO. 


Data: C-START Module data entry - Window ten (10), 
eight (8) and seven (7) are set to desired characters. 


Normal Exit: Return to Executive Control 


Error Exit: None required 


Computation Sequence ; 

* / , % 

This program is entered from the Executive Program 
^ when requested by the C-START module. Selector 
switches eight (8) and seven (7), are utilized for high rate 
channel selection, while selector switch ten (10) 

(leftmost selector switch) will be utilized for program 
identification. Selector switch ten (10) will be tested, 
and when found to contain the digit two (2), will cause 
entry into the high rate channel select program. Selector 
switches eight (8) and seven (7) will be tested to determine 
» which measurement, if any, is being requested. If the 

code contained in windows eight (8) and seven (7) exceeds 
the limits of the matrix (i. e. greater than 32 decimal) 
the program exits to Executive Control. If the code is 
a valid code, the program tests to determine if the code 
is the same as tne code for the measurement presently dis¬ 
played. In the event that the selection has not changed, the 
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signal selection Command is ignored and control is returned 
to the Executive Program, If the code contained in windows 
eight (8) and seven (7) is a code for a new measurement, 
the program will then cause the computer to generate the 
commands necessary to remove the previously selected 
signal from the matrix and by energizing one or more of the 
ten high rate control relays in the DTCS, cause the new 
signal to be switched onto the 400 S/S channel. The relay 
assignments will be specified in GAEC or NAA Program Require¬ 
ments Specification. Figure 641-1 is a representative flow 
diagram of this subprogram. 

Operator Action: .Console Operator action is required to initiate this program 

by C-START selection of the high rate signals. The sequence 
is as follows: 


a. The desired program identification digit 
(2) is entered into selector switch ten (10). 

b. The desired measurement identification digits 

i s*re entered into selector switches eight (8) and 

seven (7), 

* c. The XEQ/SEAL Switch is depressed. 

Spacecraft Operator: No activity required. 


Uplink Requirements: 

GC Transmission: None 
Time of Transmission: Not defined 
Filing Requirements: Measurement ID, time tag 
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Downlink Requirements : 

Measurement ID: The Measurement ID and description is 
contained in the PRPS or PRD. NOTE: The measurement 
description is NOT displayed on CRT. 

CRT Display: The following CRT display is required "High 
Rate Meas. XXX X", where X X X X refers to the 
NASA measurement number of the particular measurement 
selected. The measurement number portion of the CRT dis¬ 
play for channels with no assigned measurements shall be "XXOOMN” 
where M and N are the numbers from C-START windows 8 and 7. 

Filing Requirements: None 


Remarks: The high rate measurements are sampled 400 samples 

per second, spaced symmetrically in the telemetry for* 
mat, by the analog gates in the PCM carry-on system. 
The time duration over which the measurement is re- 
( corded on the analog recorder is determined by the • 
operator, 

4 The required high rate channel information for any given 
vehicle will be defined by AC in the Programming Require¬ 
ments issued in a qaec or NAA process specification. 


Providing an ACE program that will enable switching of all 
32 channels will permit further expansion of the list of high 
rate signals without the need to reprogram the ACE computer. 
Suitable limit checks on the number of measurements avail¬ 
able, perhaps supplied as a card input to the ACE program, 
would prohibit calling up an unused channel. 
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Flow Diagram 
Figure 641-1 
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Special IMU Processing GAN 652 
Co mm unication Program 

This program converts the IMU IX gimbal resolver sin and cos 
PCM values to degrees for display on the CRT. This subprogram 
specification is identical to the specification for GAN 152 n 
(Bm 4-152.1.) 
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ACE-S/C Error Reset Program GIN 671 
Downlink Program 

This subprogram resets the error displays on the CRT display 
unit to give a "no error*’ indication for the ACE-S/C subprograms 
utilized with the LEM Block R GIN System. 

Entry: this subprogram operates under executive control and 
is initiated from the R-START Module specified in the PRPS or 
PRD. 

Exit: Return to Downlink Executive Program after error displays 
are reset. 

: : Tk® error displays reset by this subprogram are listed below, 
along with the ACE-S/C subprogram that generates them during 
its operation. The CRT page and line location for each error 
display is detailed in the Program Requirements Process 
Specification. 


Error Indication 

GAN Program Number 

TIME ERROR (1) 

601 

TIME ERROR (2. 4) 

602 

TIME ERROR (3) 

603 

8YNCERR (1. 2) 

621 or 221 

WORDERR ft. 2. 3. 4. 5. 6\ 


RELERR (1) 

622 

PARERR (1) 

631 

KEYERR (1) 


VERROR (l. 2. 3. 4. 5) 

632 

FSERR (1) 

681 


Each error display consists of a variable segment (under- 
lined) which signifies the type of error condition occuring 
in a particular ACE-S/C subprogram, and a fixed title seg¬ 
ment. When initiated by the operator, this subprogram will 
blank out the variable segments of the error displays. 
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Operator Action: Console Operator: Operator action is required to initiate 

this subprogram via the R-ST ART module. 

Spacecraft Operator: No 


Uplink Requirements: 

The ACE-S/C Uplink system is not utilized. 
Downlink Requirements: 


PCM data processing is not required by this subprogram, 
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Title : 


PIPA Switching and Stabilization Loop Response Test G&N 681 


Part Of: 


Uplink Program 


Purpose: 


This subprogram provides step inputs to the IRIG stabilization 
loop, for the servo loop response test and enables display of 
the PIPA signal generator outputs. This subprogram specifi¬ 
cation is identical to the specification for G&N 181. * t 
(S ee 4-181.1). 
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Word NO. 

Word Name 


GAN 224A-1 Pvoeeeniqf Requires eaU • 

1 , 

01724 


None 

2 

00437 


None 

3 

PIPAX 


Defined in Table 2S4A-S 

4 

PIPAY 


Defined in Table 224A-S 

5 

PIPAZ 


Defined in Table 024A-1 

6 

BMAGY 


Defined in Table UW»I 

7 

mi Any 


Defined in Table 

8 

BMAGZ 


Defined in Table S34A.1 

9 

PUSHLOC 


None 

10 

PRIORITY 


None 

11 

LOC 


None 

12 

BANkSET \. 


None 

13 

DELVX 


None 

14 

DELVX+1 

% 

None 

15 ' 

DELVX+2 


None 

16 

DELVX+3 


None 

17 

DELVX+4 


None 

18 

DELVX+5 


None 

19 

SELFRET 


None 

20 

SMODE 


None 

21 

SFAIL 


None 

22 

*• ERCOUNT 


None 

23 

IMODES30 


Defined in Table 224A-2 

24 

IMODES33 


None 

25 

DESOPTT 


None 

26 

DESOPTS 


None 

27 

CDUX 


Defined in Table 224A~2 

28 

CDUY 


Defined in Table 224A3-2 

29 

CDUZ 


Defined in Table 114A.-2 
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Word NO. 

Word Name 



1 , 

01724 


None 

2 

00437 


None 

3 

PIPAX 


Defined ftn Table 224A-2 

4 

PIPAY 


Defined in Table 224Ar2 

5 

PIPAZ 


Defined | n Table 0*4A-* 

6 

bmagy; 


Defined to Table 224Ag>2 

7 

BMAGX 


Defined in Table 224A?-2 

8 

BMAGZ 


Defined in Table 224 Ah>2 

9 

PUSHLOC 


None 

10 

PRIORITY 


None 

11 

LOC 


None 

12 

BANkSET 


None 

13 

DELVX 


None 

14 

DELVX+1 

% 

None 

15 * 

DELVX+2 


None 

16 

DELVX+3 


None 

17 

DELVX+4 


None 

18 

DELVX+5 


None 

19 

SELFRET 


None 

20 

SMODE 


None 

21 

SFAIL 


None 

22 

' ERCOUNT 


None 

23 

IMODES30 


Defined In Table 224A~2 

24 

IMODES33 


None 

25 

DESOPTT 


None 

26 

DESOPTS 


None 

27 

CDUX 


Defined in Table 224A~2 

28 

CDUY 


Defined in Table 224A12 

29 

CDUZ 


Defined In Table 224Ar2 
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TABLE OF CONTENTS (Continued) 


GAN NUMBER 

TITLE 

SECTION 

152A 

Special IMU Processing, Block 1 Mod 1 

4-152A.1 

171 

ACE-S/C Error Reset Program 

4-171.1 

181 

PIPA Switching and Stabilization Response Test. 

4-181.1 

210 

GAN Downlink Edit Program Block H and LEM 

4-210.1 

221A 

AGC Downlink Format Program Block 2 . 

4-221 A. 1 

224A 

CGC Downlink Interpretation Program, Block II 

4-224A.1 

601 

Guidance Computer Clock Initialization Program 

4-601.1 

602 

Guidance Computer Time Verification Program 

4-602.1 

603 

Guidance Computer Time Correction Program 

4-603.1 

621 

621-200 

111-^00 

824 A 

624B- " 
624-200 

631 

632 

Guidance Computer Downlink Format Program 

Guidance Computer Downlink Subprogram 

Guidance Computer Display Progfanf 

Guidance Computer Display Program (DSPTAB) 

LEM Downlink Interpretation Program 

LGC Downlink Interpretation Program 

LGC Downlink Interpretation Program r 

4-621.1 
4-621-200.1 
4-622A. 1 
4-622-200.1 
4-624A* 1 
4-624B.1 

trn 00 - 1 

4-632.1 

641 

GAN High Rate Channel Control Program 

4-641.1 

652 

Special IMU Gimbal Angle Processing 

4-652.1 

671 

ACE-S/C Error Reset Program 

4-671.1 

681 

PIPA Switching and Stabilization Response Test. 

4-681.1 
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TABLE 121-3 
DOWNLIST 017-1 


I 

S 

Block 

1 

ID (62067) 

2 

DSPTAB 

3 

DSPTAB +1 

4 

DSPTAB +2 

5 

DSPTAB +3 

6 

DSPTAB +4 

7 

DSPTAB +5 

8 

DSPTAB +6 

9 

DSPTAB +7 

10 

DSPTAB +8 

11 

DSPTAB +9 

12 

DSPTAB +10 

13 

DSPTAB +11 

14 

DSPTAB +12 

15 

DSPTAB +13 

16 

TIME 2 

17 

TIME 1 

18 

IN 0 ♦ 

19 

IN 2 

20 

INS 

21 

OUT 1 

22 

STATE 

23 

FLAGWRD1 

24 

. FLAGWRD2 

25 

CDUX 

26 

CDUY 

27 

CDUZ 

28 

REDOCNTR 

29 

DELVX 

30 

DELVX +2 

31 

DELVX +4 

32 

THETAD 

33 

THETAD +1 

34 

THETAD +2 

35 

RRECT 

36 

RRECT +1 

37 

RRECT +2 

38 

RRECT +3 

39 

RRECT +4 

40 

RRECT +5 


Position 

Block 

• 41 

VRECT 

42 

VRECT +1 

43 

VRECT +2 

44 

VRECT +3 

45 

VRECT +4 

46 

VRECT +5 

47 

TFF 

48 

TFF +1 

49 

TMMARKER 

50 

TMMARKER 

51 

TMMARKER 

52 

DSPTAB 

53 

DSPTAB +1 

54 

DSPTAB +2 

55 

DSPTAB +3 

56 

DSPTAB +4 

57 

DSPTAB +5 

58 

DSPTAB +6 

59 

DSPTAB +7 

60 

DSPTAB +8 

61 

DSPTAB +9 

62 

DSPTAB +10 

63 

DSPTAB +11 

64 

DSPTAB +12 

65 

DSPTAB +13 

66 

RN 

67 

RN +1 

68 

RN +2 

69 

RN +3 

70 

RN +4 

71 

RN +5 

72 

VN+0 

73 

VN+1 

74 

VN+2 

75 

VN+3 

76 

VN+4 

77 

VN +5 

78 

PIPTIME 

79 

PIPTIME +1 

80 

TIME 2 GR 
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TABLE 121-3 

DOWNLIST 017-1 (Continued) 


Position 

Block 

Position 

Block 

81 

TIME 1 GR 

91 

VAVEGON+1 

82 

TCUTOFF 

92 

VAVEGON +2 

83 

TCUTOFF +1 

93 

VAVEGON +3 

84 

RAVEGON 

94 

VAVEGON +4 

85 

RAVEGON +1 

95 

VAVEGON +5 

86 

RAVEGON +2 

96 

TAVEGON 

87 

RAVEGON +3 

97 

TAVEGON +1 

88 

RAVEGON +4 

98 

TMMARKER 

89 

RAVEGON +5 

99 

TMMARKER 

90 

VAVEGON 

100 

TMMARKER 


TABLE 121-3 


DOWNLIST 017-2 


Position 

Block 


Position 

Block 

1 

ID (62001) 


24 

FLAGWRD 2 

2 

DSPTAB 


25 

CDUX 

3 

DSPTAB +1 


26 

CDUY 

4 

DSPTAB +2 


27 

CDUZ 

5 

DSPTAB +3 


28 

-SPARE- 

6 

DSPTAB +4 


29 

8TCNTR 

7 

DSPTAB +5 


30 

STBUFF 

8 

DSPTAB +6 


31 

STBUFF +1 

9 

DSPTAB +7 


32 

STBUFF +2 

10 

DSPTAB +8 


33 

STBUFF +3 

11 

DSPTAB +9 


34 

STBUFF +4 

12 

DSPTAB +10 


35 

STBUFF +5 

13 

DSPTAB +11 


36 

STBUFF +6 

14 

DSPTAB +12 


37 

STBUFF +7 

15 

DSPTAB +13 


38 

STBUFF +8 

16 

TIME 2 


39 

STBUFF +9 

17 

TIME 1 


40 

STBUFF +10 

18 

IN0 


41 

STBUFF +11 

19 

IN 2 


42 

STBUFF +12 

20 

INS 


43 

STBUFF +13 

21 

OUT 1 


44 

-SPARE- 

22 

STATE 


45 

-SPARE- 

23 

FLAGWRD1 


46 

-SPARE- 
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Index No. 


Table 124-012-3 
Data Word Description 


Processing Requirements 


30 

MSB 

gy 

31 

V LSB 

gy 

32 

MSB 


gz 

33 

LSB 

g z 

X comp, of sighting vector MSB 

34 

35 

X comp, of sighting vector LSB 

36 

Y comp, of sighting vector MSB 

37 

Y comp, of sighting vector LSB 

38 

Z comp, of sighting vector MSB 

39 

Z comp, of sighting vector LSB 

40 

X comp, of maneuver vector MSB 

41 

X comp, of maneuver vector LSB 

42 

X comp, of maneuver vector MSB 

43 

Y comp.' of maneuver vector LSB 

44 

Z comp.. of maneuver vector MSB 

45 

' Z comp, of maneuver vector LSB 

46 

Desired CDU X 

47 

Desired CDU Y 

48 

Desired CDU Z 

49 

DUMMY MARKER * 

50 

DUMMY MARKER 

51 

DUMMY MARKER 

52 

DSPTAB +0 

53 

DSPTAB +1 

54 

DSPTAB +2 

55 

DSPTAB +3 

56 

DSPTAB +4 

57 

DSPTAB +5 

58 

DSPTAB +6 


VNone 


Display Table Data. 
Processed by G&N 122. 
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c) Determine which value, SINS or COS0, is within the range of 
its calibration data and interpolate to get an angle 0. If both, 
are within the range use SIN0. If both are out of range, 
display 'OOR» on the CRT in place of an angle. 

d) Compensate for quadrant and display the angle: 

Quadrant 


Operator Action: No activity required. 

Uplink Requirements : None 

» 

Downlink Requirements ; 


Display 

0 

180 4 
180* +9 
360* -9 


- 9 * 


Measurement ID: The measurements to be processed by this 

subprogram will be specified in the PRPS or PRD. 

CRT Display: 1. XXX accurate to one degree 

2. Page, lines and fixed CRT annotation specified in 
PRPS or PRD. 


Tolerance: 


None 


Remarks: 


Filing Requirements: None 

Definition of terms used in Computation Sequence: 


Sind 

Incoming PCM value 

Cos0 

Incoming PCM value 

CIS1 

Calibration input for 

CIC1 

Calibration input for 
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Op erator Action: Console Operator: Operator action is required to initiate 

this subprogram via the R-START module. 

Spacecraft Operator: No activity required 


Uplink Requirements: ' . 

The ACE Uplink System is not utilized. 

Downlink Requirements: 

PCM data stream is not required by this subprogram. 


i 
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Title: 


PIPA Switching and Stabilization Loop Response Test GAN 181 


Part Of: 


Uplink Program 


Purpose : 


Calling Sequence: 


This program enable* a stop voltage Input Into the stabilization 
Ioor for the stabilization servo loop response tost, and display 
of the PIPA signal generator outputs. 9 


Entry: 

1) This subprogram will operate under executive control 
and is Initiated from an R-START Module specified in the 
PRPS for the stabilization loop response test. 


2) This subprogram is also initiated via a specified R-START 
Module to allow monitoring of the PIPA signals. 

Data: Input to this subprogram is supplied by the CUE 
upon R-Start execution. This data includes the start 
module address and the status of the function switches. 

Output from this subroutine consists of a series of relay 
command words. 

Normal Exit: Return to Uplink Executive Program. 


Error Exit: CRT error display and Uplink Command Tape recording, 
prior to transfer to the Uplink Executive Program. 

Computation Sequence: 


Upon R-START execution, this subprogram checks to determine if 
more than one function switch has been depressed. If so, this program 
generates an error message for display and recording purposes, blanks 
out current CRT display and transfers control to the Uplink Executive 
Program. 


The subprogram also checks to see that there was no more than one 
change in state from the function switches at the previous XEQ. If 
there has been more than one state this program generates an error 
message for Uplink Command Filing and transfers control to the Uplink 
Executive Program without transmitting relay command words Uplink. 

A single function switch depression, with only one change of state 
present, enables the assembly and transmission of relay command words. 
Refer to the Vehicle Program Requirements Process Specifications for 
R-START function switch setting and DTCS addresses. 
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Operator Action: Console Operator: R-START execution is required to 

initiate this subprogram as given below. 

A) Stabilization Loop Step Input 

1) The intended status of the relays is selected by 
depression of the function switches. 


2) The step input is applied to the particular IRIG 
upon depression of the XEQ switch. 

3) The removal of the step input is accomplished by 
again depressing the function switch so that no switches 
are illuminated, followed by the XEQ switch. 

NOTE: When selecting a series of step inputs, item 3) 
should always be used to insure that the bank of relays 
are reset, prior to selecting a new step input. 

B) P1PA Signal Display 

The operator action required for this function is similar 
to that described for the stabilization loop step input, 
with the exception of the R-START module location. Only 
one PIPA signal is displayed at a time and is accomplished 
by means of the function switch selection as given under 
Computation Sequence. To remove the PIPA display re¬ 
quires that the operator depress the function switch again 
and then the XEQ switch. 


Spacecraft Operator: No activity required. 


Uplink Requirements; 


DTCS Transmission: A twenty-four bit command word 
is compiled in the Uplink computer containing the "carry- 
on" relay address and the relay status. 

DTCS Stimuli: The relay addresses are listed in the 
Vehicle PRPS. 
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Transmission Time: During G&N system test, the 
sequence of subprogram initialization, will be speci¬ 
fied in the ’’Operational Checkout Procedures”, All 
other times, the transmission time will be as required. 

Filing Requirements: The complete command history 
is recorded on the Uplink Command tape. 


Downlink Requirements : 

, CRT Display 

1) A display occurs to identify a particular PIPA 
measurement, appearing on the oscilloscope. The 
display consists of the following format: 

' "PIPA MEAS. XXX" 

where XXX * REF, X, Y or Z. 

The variable portion of the format (underlined) will 
appear upon operator selection of a PIPA measurement. 
This display will be blanked when operator action removes 
this selection by means of the function switches. 

2) An error indication is displayed in the following format 
"FSERR 1". Refer to the "Program Requirements Process 
Specification" for details on CRT page and line information. 
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Title: GW Downlink Edit Program - Block II and LEM 

Pi'Offrtkm lhamber: GAN No. 210 - 


Purpose: 


Input: 


Output: 


General 

Program 

Description: 


Printing: 


Execution: 


Data 

Rate: 


The GW Downlink Edit Program strips outs, interprets and presents 
all or any part of the Comnand Guidance Computer (CGC) and the 
IM Guidance Computer (LGC) data recorded on the PCM Data Tape. 

The inputs to this program are: 

1) PCM Data Tape or Compressed Data Tape containing OGC/LGC data. 

2) Edit Parameters (cards or tape) 

3) Control cards 

The output from this program is a printed listing of CGC/LGC 
Downlink data taken from the PCM Data tape or CUT for the 
intervals requested and processed and displayed in the manner 
defined by the Edit Parameters. 

The GW Downlink Edit-Block II is divided into two segments 
to minimize the impact of changes in the input data format. 

The two segments are: 

1) EXECUTIVE SEGMENT - This segment prepares the Edit Parameters 
for use, processes the Control Cards, extracts the CGC/LGC 
data from the PCM Data tape or COT for the intervals defined, 
validates this data and transmits it to the next segment. 

2) PRESENTATION SEGMENT - This segment receives the CGC/LGC 
data and the Edit Parameters from the Executive Segment 
and processes and prints out this data in the manner 
prescribed by the Edit Parameters. 

Printing will be once every complete cycle through the Downlink 
list. The Downlink Edit Format Tables will define either an 
entire page to be printed (over 6 lines per ID) or a subpage 
(6 lines or less) to be printed under line count control. 

In most cases, it will not be necessary to see all the data on 
the PCM Data Tape or CDT. The intervals to be processed will 
be specified in the Zulu Time as it appears on the PCM Data 
Tape or CDT and will be input to the program on control cards. 

0GC/l£C Data is recorded on analog PCM Data Tapes at bit rates of: 

1) 20U.8KBS 

2) 51.2KBS 

3) 1.6KBS 

This program must be able to process data at any and all of 
these rates. 


> * i ^ 
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Title! 
Purpose! 


Input: 


Output! 


■ormal Exit: 


Error Exit: 


Description: 


EXECUTIVE SEGMENT 

The purpose of the Executive Segment is to prepare the Edit 
Parameters for use by the Presentation Segment, processes the 
Control Cards, and to extract and validate the required COC/LOC 
data from the PCM Data Tape. 

The inputs to this segment are: 

1) Downlink Edit Format and Requirements Tables (Edit Panmeters) 

2) Data Definition, Title and Time Cards (Control Cards) 

3) PCM Data Tape or COT containing the CQC/LQC data to be processed. 

The outputs from this segment are: 

1) Edit Parameters for use by the Presentation Secant 

2) COC/LOC data extracted from the PCM Data Tape or COT 

3) Error signals for any discrepancies found in the Edit 
Parameters, the Control Cards, and the CQC/LQC data. 

The normal exit from thie segment is to the Presentation Secant. 

The normal program halt occurs when the last time interval 
has been satisfied. 

Error signals are generated for discrepancies found im the 
Input Cards, PCM or COT Data. The Error Exit is to the 
Presentation Segment. 

The COC/LOC data consists of two types of words: 

1) Identification Words (2): These words indicate the type of 
downlink transmission (List) and signal the start of the data 
transmission. 

2) tat. Word. ( 96)1 Aetiul COC/lflC word.. Bw po.ltioa of • 
data word in a List identifies its content. There is a unique 
Word Order Code associated with each type of word. 

The first card to be input is the Data Definition Card. This 
card identifies the position of the COC/LOC words in a Print 
Frame of PCM Telemetry Data. 

The List being sent changes during the various p h M *f of a 
mission program. A set of Edit Parameters is required for each 
List. The number of Lists to be used during the missions util¬ 
ising Block II Computers is not known; as a preliminary estimate, 
this program should be able to accomodate up to twenty different 


4-210.2 


236 



APOLL 0 gw Specification 
ND1002319 REV £ 


Tines 


A eet of Edit Parameter* for any List will consist of: 

1) HOT U> card - This card contains the hit configuration 
(la octal) of the ID Words of the List for which the tables 
following this card are to he used. 

2) B cards - These cards define the print format of the data 
for the particular list. 

3) DC card - These cards define the phrase inter¬ 

pretations for the particular List. 

k) I Cards - These cards define the processing reoulrmants 

for the particular list. * 

5) HD Card - This card is the last card of the set of Idlt 
Parameters for the particular List. 

This sequence of cards will he repeated for each List. 

Run cards to he Input with each run will consist of: 

l) CAB card - This card will contain the description of the 
particular run and will he used as a page heading on the 
output listing. 

2) TINE cards - These cards will designate the data to he 
processed. Each card will contain a start and a stop tine 
in hours, minutes, and seconds. If more thu on* fQg ear g 
is used, the tines specified will not overlap and will he in 
sequence. 

3) HD OF HUB card - signals the end of the Control Cards. 

Appropriate validity checks should he made on the format of 
these cards. Any card error will suspend the processing of 
and PCM or COT Data, hut all cards be scanned and all 

errors displayed even theugh no data will he processed. 

Usage of the Downlink Edit Progrm - Block I has shown that the 
Edit Parameters tend to he fixed once the data content of the 
Downlink is known. Bew sets of Edit Panmeters will he used only 
for special applications. The Executive Segment process 

the Downlink Edit Format Tables and the Downlink Requlrmneats 
Tables and save that on tape so that subsequent runs with the 
**** ot data nay he made with no reprocessing of those cards. 

There is a time signal on the PCM Data Tape end the COT and the 
time of transmission of each CGC/LOC word can he determined. This 
time is matched to the time intervals requested to determine what 
data is to he processed. Data should he processed from the first 
m following the start time to the end of the Downliet after the 
stop time. The time occurance of the ID Word must he available 
to the Executive Segment. 
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Data Pom: 


Validation: 


‘3m COC/LOC tranaaltta blocka of five 8 bit Horde Into the 
F3M stream of telemetry. Thaaa forty bite contain the data 
tc be proceeeed. Fifty of tbaaa blocka represent a collate 
cycle through a Downlink Llat. fixe Dovnlist eonalata of a 
fixed length of 100 COC/LOC words, each block represent lag 
2 of theae voids. The first block of a Dovalist contains the 
ID Words. These voids identify the List being tranmitted. 
Following the ID Words are 98 Data voide COC/lOC voids am 16 
bits in length and am configured as: 

8/15 lk 13 12 11 10 9 8 7 6 5 k 3 2 1 P 

vbem: bit 15 la the Sign bit for maeric data bita 
lk thru 1 am the data bits for matrlo data 
P is the Parity (Odd) bit. 

The Validity checks to be nade on the COC/LOC data am: 

1) Check • Out of Sync signaled by DBCON 

Action - Message SHCERR1. Indicate which voids am out 
of sync but process anyvay. 

2) Check - Over nine ty-e ight data voids since ID voids 
Action - Message SYJKiai<K2. process first ninety-eight data 

words and Ignore the mat until ID voids received. 

3) Check - ID Words received before ninety-eight data voids were 

received since last ID Words. 

Action - Message smsERR3« process data voids received 
begin next Dovalist with new ID Wbrds. 

k) Check - Parity Incorrect In first COC/LOC void In block 
Action — Message VPRDERR1 , display the ko bits in Octal and 
the Index number. Do not process the void in error. 

5) Check - Parity incorrect In second COC/LOC void In block 
Action — Message WQRDERR2 < display the ko bits in Octal sad 

the index number. Do not process the void in error. 

6) Check - First ID Word, bits 1$ to 11 Invalid 
Action - Message W0RDERR3 

T) Check - First ID Word, bits 10 to 1 invalid 

Action - Message WDRDEKRk. Invalid ID, display the kO bits 
in octal and the index nusber. Cycle until next ID 
received. 

8) Check - Second ID Word Invalid 

Action - Message W3RDERR5. display ko bits in octal. If mo 
error vas found in the first ID Word, the ID will be 
considered Valid and ID word 1 will be used to 
determine the list being sent. 

MOTE: W3RDERR3 alone will not Invalidate the ID. If no 
other ID errors am found, bits 10 to 1 of ID void 
1 will determine the list being sent. 238 



TITUs 

PUXPOMS 

Inputs 

Output: 

Exits: 

Descriptions 




PRESERTATIOM SBQMEET 

The Presentation Sapient race ires the 1 6 bit COC/LOC vords 
fixM the Executive Segment. These words are processed in the 
■anner defined by the Downlink Requirsswnts Tables and displayed 
in the Banner defined by the Downlink Edit Itozast Tablet. 

The Inputs to this segnent are': 

1) Edit Parameters and ID Word configurations for all Downlists 
to be processed. 

2) The 16 bit COC/LOC Words. 

3) Error indicators associated with the 16 bit voids transit ted. 

The output from this segment is the printed listing in the 
fozaats defined by the Edit Parameters and any error messages 

generated. 

The noxaal and the error exits froa this segment are to the 
Executive Segnent. 

This segment receives the 1 6 bit COC/LOC vords and any error 
signals frost the Executive SegMat. Each word is to 

determine if it is on ID Word or a Data Word. Wien the ID 
Words are received, the tine of their oecuranoe is printed as 
positioned by an E card. The Edit Parameters for data following 
the particular ID are made ready for processing. The ID words 
Bay be processed as data words for printlx^. lAten Data ttords 
are received, .a check of the Edit Parmuters will deteiBlne if 
the word is to be used, and if so, how to process it. Error 
signals generate output messages. All COC/LOC words are treated 
as binary fractions with the binary point between the 15th and lbth 
bits of the word. Double Precision quantities will require 
processing be held up until both words have been received. 

Vote that the most significant part and the least significant part 

of a double precision word do not necessarily have the - 

sign. Use the following diagram for a processing technique. 
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Method For Handling Double Precision Words: 
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Card 

Formats: 


Data Definition Card - This card locates the two sixteen bit 
CGC/LGC words and the Word Order Code (WOC) contained in the UO 
bits defined. This card also will define the representative WOC 
bit for ID Words. That is, the bit (0 or l) indicated will be in 
each bit position of the WOC for ID Words . # The 5-8 bit words will 
be considered as individual bits numbered *1 to 40 with the left 
Most bit of the first word called bit 1 and numbered consecutively 
to the right most bit of the fifth word, bit UO. 


Columns 

Contents 

Comments 

1 to k 

DATA 

defines card type 

9 to 11 

PCM 

comment 

22 to 25 

WPD1 

comment 

27 to 31 

xx-xx 

first and last bit position of CGC/LOC 
word 1 

3U to 37 

WRD2 

comment 

39 to 1*3 

XX-XX 

first and last bit position of CGC/LOC 
word 2 

1*6 to 48 

WOC 

c cement 

50 to 54 

XX-XX 

first and last bit position of word 
order code 

57 to 61 

IDW0C 

comment 

63 

( X 

WOC representative bit for ID Words 

Comments 

need not be checked for. 

The CGC/LGC words should be 16 bits 


in length, the word order code may be from 1 to 8 bits. All WOC bite 
will be identical if more than one is specified. The representative 
WOC bit for ID words is supplied. Data word WOC is ass wed to be the 
complement of the ID WOC. See card example page for further clarification. 
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A Downlink Edit Format Table is required for each Downlist to be pro¬ 
cessed. This table specifies the fixed format layout of the edit listing. 
A field width of 120 print characters is required. The spacing alloted 
between the title entries of this table is for the insertion of the 
CGC/LGC data as processed by the Presentation Segment. This table is 
composed of R cards. These cards provide the titled entries for the 
edit listing. No more than two cards are used to define any single 
line of the listing. The set of R cards for any Downlist will not 
define over 50 lines including spacing. 


Columns 

Contents 

Comments 

1 

R 

defines card type 

6, 7 

XX 

line sequence number 

8 

y 

print control 

9 to 80 


fixed fonnat layout 


where: XX R cards for a particular List are in sequence by this 
number. This number is used by the E cards to identify 
the lines on which the processed data will be displayed. 

y * blank or 1, skip one line after printing 
* 2, skip two lines after printing 
■ 9, fixed format layout of this card is the 

right most poriton of the previously defined line 

If y is blank, 1, or 2, columns 9 thru 80 of the card will 
be printed in print positions 1 to 72. 

If y is 9. columns 9 thru 56 will be printed in print posi¬ 
tions 73 to 120. 
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A Downlink Requirements Table is needed for each Downlist to be pro¬ 
cessed. This table defines the specific entries required for the 
edit listing by referencing the index number (word position in Down- 
list) of the words to be processed. This table specifies the exact 
placement, in terms of print positions, of each data entry in the 
fixed edit format defined by the Downlink Edit Format Table for this 
Downlist. This table also specified the processing required for each 
data entry in the output. A Downlink Requirements Table is composed 
of E cards and ENG cards. 


Columns 

Contents 

1 

E 

9. 10 

XX 

12 to 18 

xxx-xxx 

25 to 30 

EQUALS 

32 to 3^ 

XXX 


Comments 

defines card type 

line number (match to R card line sequence 
number) 

print positions in output line where 
this entry is to be displayed. 

index number (001 to 100) 

For quantities to be displayed in decimal 
36 to 62 DP or SP (Double or Single Precision), Scale Factor (sign*. 

decimal point, one to ten decimal digits), power (E, 
sign, one or two decimal digits), S or NS (if S, print 
sign; if NS treat word as 15 bit unsigned number), MSB 
(for double precision, indicates most significant bits) 

For other quantitites 

36 to 50 XX or XX-XX or XX,XX-XX (bit positions to be considered - 
leading zeros not supplied) 

OCTAL (print bits indicated in octal) or 
BINARY (print bits indicated in binary) or 
ENGn (Extract bits indicated and search English table 
specified for match and insert associated phrase in out¬ 
put), I or blank (I, if bit 15 of the word is a 1, the 
bits indicated must be complimented before processing; 
if field is blank or if bit 15 is 0, the bits indicated 
are used as is). 

Fields will be seperated by commas, and except where mentioned, 
lead zeros will be supplied. 


The ENGn cards contain English phrases to inserted in the output listing 
vhen certain combination of bits are present in key CGC/LGC words. 

The bits for comparison and the table to be searched are indicated by 


Columns 

1 to 3 

k 

8 to 23 


25 to 30 
33 to 53 


Contents ( Comments 


ENG defines card type 

n table number (n * 1 to 8) 

1 to 16 binary characters that is the bit pattern for which 
the English phrase will be substituted (bits specified n 
in E card are extracted and compared to the non-blank col¬ 
umns - right Justified to column 23) 

EQUALS 

1 to 20 alphanumeric characters to be inserted in print 
positions defined in the E card - left Justified to column 
33* A $ in column 33 means that no phrase is to be Inserted 
for the bit pattern matched. 
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Downlink 

Requirements 

Tables: 


NOTE; 


If the designated ENGn table is searched and no match is found, an 
error condition exists. A message, DOWN ERR 1 is printed along with 
the index number of the vord that contained the bits that could 
not be matched and the vord (16 bits) in octal. 

A special application of the E card will be used to position the time 
of the ID vord in the edit listing. Index vord 000 will indicate 
this time and it will be positioned in the normal manner. E.G. 

E 06,018-037 EQUALS 000 

Print GMT on the line defined by R 06 in print positions 018 through 
037* The processing requirements for this vorc are already defined. 
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List Identification Card - This card is the first card of the set 
of Edit Parameters for a particular Dovnlist. The bit configurations 
of the ID Words, vhose data vill be processed according to the 
tables following this card, are contained in this card. 

Comments 

defines card type 

bit configuration in Octal of first ID 
word 

bit configuration in Octal of second 
ID word 

The 16 binary bits are converted into 6 octal characters by adding 

two binary zeros to the right to make 18 binary bits E.G. (1100100001101111) 

vill be in the card as 62067 U. 

End Card - This card is the last card of the set of Edit Parameters for 
a particular Dovnlist. 

Columns Contents Commont 

1 to 3 END defines card type 

The Edit Parameters for each Dovnlist consist of: LIST ID card, R cards 
ENGn cards, E cards and the END card in that order. * 


Columns 

1 to 4 
7 to 12 


15 to 20 


Contents 


LIST 

xxxxxx 


xxxxxx 
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Card* Input for each run: The page title card contains the run description, date. OCP. 

* etc, and is printed once per page. * * * 

Columns Contents C nTtm ent 8 

1 to 3 GfcN defines card type 

5 to 75 page title to be .printed as the first line of 

each page. 

The data to be processed are defined as a set of 1 to n t* TO e 
intervals. Each card contains the start and stop time of a data 
interval. Por multiple intervals, the times will not overlap and 
vill be in sequence.. 

Columns Contents Q^ents 

defines card type 

start time, hours 
start time, minutes 
start time, seconds 

stop time, hours 
stop time, minutes 
stop time, seconds 

The last card to be input is the End of Run card. 

Columns Content^ C^^^ents 

1 to 10 END 0P‘ RUN defines card type 


1 to 4 

TIME 

6 , 7 

XX 

8 , 9 

YY 

10 , 11 

ZZ 

13, 1U 

TO . 

16, 17 

XX 

18 , 19 

YY 

20 , 21 

ZZ 
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Example 1 E ’ 02, 018-026 EQUALS 062,DP,+.l6777528E+5,S,MSB 
E - specifies requirements equals card 

02 - specifies the number of a R card entry in the Edit Format table 
which designates the line that this data is to be printed on. 

018-026 - specifies the print positions of line 02 that this data is 
to be printed in 

062 - specifies the position in the Downlink List (index number) that 
contains the data to be processed. 

DP - specifies that the data is double precision 
♦.16777528 - specifies the numeric value of the scale factor 
E+5 - specifies the power of the scale factor 
S - specifies the data is a signed number 

MSB - specifies that word 062 is the most signifient bits of the • 
double precision quantity. 

This card requires that the lk data bits of word 062 and the lk data 
bits of word 063 be combined as previously described into a 28 bit 
binary fraction, converted to a decimal fraction, multiplied by 16777.528 
and printed in positions 018 to 026 of line 02. 


Example 2 E 6l,047-062 EQUALS 029,T,5-1,ENG2 

E - specifies requirements Equals card 
6 l - specifies the number of the R card . :.try 
OU7-O62 - specifies the print positions of R 6l for display 
29 - specifies the eindex number of the data 
7,5-1 - specifies the bits to be extracted from word 029 
ENG2 - specifies the table of English phrases that is to be searched 
for the same pattern of the bits extracted. 

This card requires that bits 7 and 5 thru 1 be extracted from word 
029. These bits are then compared to the patterns that are part of 
English phrase table ENG2. When the bits are matched, the English 
phrase associated with that pattern is printed in print positions 
OVf to 062 of the line defined by R card 6l. 
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E Ok , 109-109 EQUALS 012,6,BINARY 

E - specifies requirements Equals card 

0U — specifies the number of a R card entry 

109-109 - specifies the print position on line defined by ROfc 

012 -specifies the index number of the data 

6 - specifies the bit position to be extracted frosi vord 12 

BINARY — specifies that the bit be displayed in binary* 


E 06,097-112 EQUALS 026,15-1.OCTAL 

E — specifies requirements Bquals card 
06 — specifies the R card line number 

097-112 - specifies the print position in the line defined by R 06 
026 - specifies the index number of the CGC/LGC data 
15—1 — specifies the bits of vord 012 to be processed 
OCTAL - specifies that the data is to be printed in octal 


ENG2 001001 EQUALS FIXE ALIGN 

ENG2 - specifies requirements English card 
001001 - specifies the bit pattern that will be interpreted by 
the english phrase 

FINE ALIGN - specifies the message that is to be printed in the 
print positions called out by the E card that refers to the 
ENG2 table* 

Thia card is actually a sub-card to an E card. The E card specifies 
the bits of a CGC/LGC vord to be compared to the various entries of 
the ENG2 table and the print positions for the message. 
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Input Card Deck Makeup: 





Input Card Examples 
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Utle; GC Downlink Format Program, Block n G&N 221A 

jVirt Of ; Downlink Program 

tnirpose ; The GC transmits blocks of five 8-bit words 

into the PCM T/M at a 50 block per second rate. 

These data blocks represent a complete cycle through one 
GC Downlist. The Downlist consists of a fixed length of 
100 GC words, each data block representing 2 of these 
words. The list address contained in the ID word identifies 
the transmitted parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of GC word represented 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 


C a lling Sequence : Entry: This subprogram operates under Downlink Execu¬ 

tive Program control and is initiated by receipt of an 
, Executive program interrupt. % 

Data: 1) A sequence of 50 blocks of five 8-bit words 

# during 1 second. 

2) Notification upon loss of a block (prime frame) 
or sequence of 50 blocks (sub-frame). 

data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


Error Exit: 


: Error conditions will be displayed on the CRT and filed. A 
“2 '' ,r , a " m word *° further data processing, occurs 

The crt error w*. 
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Computation Sequence: 


Sr P ed°S foUows e : iVeS bl0CkS * fiVe 8 - Mt WOrd8 ‘ con * 

WORD 1 

WOC s/15 

14 

13 12 

11 10 9 

WORD 2 

8 7 

6 

5 4 

3 2 1 

WORD 3 

P S/15 

14 

13 12 

11 10 9 

WORD 4 

8 7 

6 

5 4 

3 2 1 

WORD 5 

P X 

X 

X X 

xxx 

where WOC 

* Word order 

code (1 bit) 


P 

* Odd parity 

PC word) 



x * 0 as presently configured 

™* data block contains 2 GC 16-bit data or DSPTAB 

C^.. f CeP 7, ere *" ® word is “countered. The 
individual word formats are specified below. The GC 
data word includes a parity (P) and sign (S) bit. (See 
Figure 221A.1) 


■(Bits) S/15 

rrrr 


i p 


xr 


xr 


Data Content 


Figure 221 A .1 

The DSPTAB word format is essentially as specified 
in Figure 221A, l,as far as this program is concerned. 


4-221 A. 2 

9Si 


i 

-4 



APOLLO GAN Specification 
ND1002319 REV C 


The identification (ID) word format contains five 
leading zeros with bits l-lo containing the data list 
address. The complete ID word format is : 


WORD X WORD Y 

15 10 IP 

loioioioioi i ll i i i i rm 

v —- . -' 

Data List Address 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed for data monitoring or for DSKY display moni¬ 
toring. The specified Downlink lists which initiate the operation 
of this program are contained in GAN 224A # Table 224A. 1. 

Basically, Program G&N 221A receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE-S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 221 A -2 
where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
1' indication. If a '1' is encountered the word must be 
complemented prior to transmitting the word to G&N 622A 
for further processing. Upon detection of an ID word, the 
data list address is transmitted to GAN 224A to allow that program 
to utilize the correct display format and scaling information. 

Figure 221A-2 is given as a representative flow, to convey the 
Intent of the subprogram operation. 


15 


1 P 


aBEBlDBgiBEiiiKinnnnii 


Fixed Bit Pattern 
(00437) ft 
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Operator Action: 

Spacecraft Operator : 

Uplink Requirements; 

Downlink Requirements : 

Filing Requirements : 

References: 
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Console Operator: No activity required. 


No activity required. 


Not applicable. 


Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
221A-1. The ACE requirements specification contains the 
CRT page and line information. 


Upon detection of an error the following information shall be 
recorded: Time, error name, error number. Data block 
containing the error and word count. 


ACE-S/C Computer Subprogram, G&N 224A Downlink 
Interpretation Program. 
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TABLE 221A-1 


Error Description_ CRT Display 


This indicates that Wordcnt 
has incremented beyond a 
specified limit. 

v/iu i/ispiay 

SYlfCERR 1 

At this ^point Wordcnt should 
be 101, if an ID has been 
received in the correct 
sequence. 

SYNCERR 2 

Parity is incorrect' in 
the first LGC word in 
data block. 

WORDERR 1 

Parity is incorrect in 
the second LGC word in 
data block. 

WORDERR 2 

ID word (bits 11 - 15) 

+ (°°)8 

WORDERR • 3 

Fixed bit pattern in 

ID word is illegal. 

• WORDERR k 

Invalid list address en¬ 
countered after attesting 
to utilize second LGC word 
to identify ID word. 

WORDERR 5 

Invalid list address en¬ 
countered in the first LGC 
word in data block. 

WORDERR 6 
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Title : 
Part Of : 
Purpose : 


Calling Sequence: 


GC Downlink Interpretation Program, Block II G&N 224A 
Downlink Program 

This subprogram defines the interpretation of the GC Down¬ 
link data which is required for ACE-S/C console operator 
usage and information. The processing requirements for 
the Nominal GC Downlink list for SUNDIAL is included in 
this document. 

Entry: This subprogram is activated by the GC Downlink 
Format Program, G&N 221A whenever the Format Program 
is processing Downlink data. 

Data Input: Input from G&N 22lA to the Downlink Interpretation 
Program consists of a 16-bit GC data word stored in the 
computer. Two types of GC words will be processed by G&N 
224A: 


1) Identification: This word specifies the data list 

♦ which is being received by G&N 22lA. 

2) Data: Actual GC data words. The position in the 

* list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use by other ACE¬ 
S/C G&N. Subprograms and data to be Died if required. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to G&N 221A. 

Error Exit: None 

Computation Sequence: The Nominal Downlink List for the GC is transmitted once 

per second and consists of 100 words (two per prime frame). 

Table 224A-1 describes the contents of the List and provides the 
processing requirements for each word. 
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Operator Action: Console Operator - No activity required. 

Spacecraft Operator - No activity required. 


Uplink Requirements: 


No stimuli required. 


Downlink Requirement^ : 

Data Manipulation - Found in the computation 
sequence section. 

CRT Display - The ACE Requirements Specification 
contains the CRT scope page and line information. 

Filing Req uirements : Execution of the "RECORD” R-START module function 
switch specified in the PRPS will cause the «»n g of a 
time tag and the following: 

Octal words: ID, FAILREG, THETA D, THETA Dfl, 
THETA D+2 STATE, STATE +1, STATE +2, STATE +3 

4 Single Precision Words: CDUX, CDUY, CDUZ, 

CDUT, CDUS, REDOCTR 

Double Precision Words: (TIME 1, TIME 2) 

Event Words: IMODES 30, OPTMODES, DSTAB +11, 
CHNL 11, CHNL 12, CHNL 13, CHNL 30, CHNL 31, 
CHNL 32, CHNL 33. 
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Word NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 



Table 224A-1 

- 

Nominal GC Downlink List 


Word Name 

G&N 224A-1 Processing Requirements . 

01724 

None 


00437 

None 


PIPAtf 

Defined 

in Table 224A-2 

PIPAY 

Defined 

in Table 224A-2 

PIPAZ 

Defined 

in Table 024A-2 

BMAGY 

Defined 

in Table 2244*2 

BMAGX 

Defined 

in Table 224A-2 

BMAGZ 

Defined 

in Table 224A-2 

pushloc 

None 


PRIORITY . 

None 


LOC 

None 


BANKSET 

None 


DELVX 

None 


DELVX+1 

None 


DELVX+2 * 

None 


DELVX+3 

None 


DELVX+4 

None 


DELVX+5 

None 


SELFRET 

None 


SMODE 

None 


SFAIL 

None 


ERCOUNT 

None 


IMODES30 

Defined 

in Table 224A-2 

IMODES33 

None 


DESOPTT 

None 


DESOPTS 

None 


CDUX 

Defined 

in Table 224A-2 

CDUY 

Defined 

in Table 224A>2 

CDUZ 

Defined 

in Table 224A-2 
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Table 224A-1 (Continued) 


Word No. 

Word Name 

G&N 224A Processing Requirements 


30 

CDUT 

None 


31 

CDUT 

Defined in Table 224A-2 


32 

CDUS 

Defined in Table 224A-2 


33 

STATE, 

None 


34 

STATE+1 

None 


35 

STATE+2 

None 


36 

STATE+3 

None 


37 

REDOCTR 

Defined in Table 224A-2 


38 

FAILREG 

Defined in Table 224A-2 


39 

OPTMODES 

Defined in Table 224A-2 


40 

SWSAMPLE 

None 


41 

DESOPMOD 

None 


42 

WTOPTION 

None 


43 

IMUCADR 

None 


44 

OPTLADR 

* None 


45 

THETAD 

None 


46 

THETAD+1 

None 


47 

THETAD+2 

None 


48 

DESOPTT 

None 


49 

MARKSTAT 

None 


50 

TIMESAV 

None 


51 

DRIFTO 

Defined in Table 224A-2 


52 

DRIFTOfl 

None 


53 

DRIFTI 

Defined in Table 224A-2 


54 

DRIFTI+1 

None 


55 

DRIFTT 

Defined in Table 224A-2 


56 

DRIFTT+1 

None 


57 

GAZIMUTH 

Nons'r- % 


58 

GAZIMUTH+1 

None 


59 

ANGZ 

Defined in Table 224A-2 


60 

ANGZ+1 

None 
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Word No. 


61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 


Table 224A-1 (Continued) 


Word Name 

G&N 224A Processing Requirements 

ANGY 

Defined in Table 224A-2 

ANGY+1 

None . 

ANGX 

Defined in Table 224A-2 

ANGX+1 

None 

VLAUN* 

None 

VLAUN+1 

None 

WPLATO 

None 

WPLATO+1 

None 

WPLATI 

None 

WPLATI+1 

None 

WPLATT 

None 

WPLATT+1 

None 

PIPAN 

Defined in Table 224A-2 

INTVfeC+1 

None 

PIPAE 

Defined In Table 224A-2 

INTVEC+3 

None 

UPLOCK 

Defined in Table 224A-2 

TGLOC 

None 

DSPTAB+0 

None 

DSPTAB+1 

None 

DSPTAB+2 

None 

DSPTAB+3 

None 

DSPTAB+4 

None 

DSPTAB+5 

None 

DSPTAB+6 

None 

DSPTAB+7 

None 

DSPTAB+8 

None 

DSPTAB+9 

None 

DSPTAB+10 

None 

DSPTAB+11 

Defined in Table 224A-2 
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Table 224A-1 (Continued) 


Word No. 

Word Name 

G&N 224A Processing Requirements 

91 

TIME 2 

Defined in Table 224A-2 

92 

TIME1 

Defined in Table 224A-2 

93 

CHANNEL 11 

Defined in Table 224A-2 

94 

CHANNEL 12 

Defined in Table 224A-2 

95 

CHANNEL 13 

Defined in Table 224A-2 

96 

CHANNEL 14 

None 

97 

CHANNEL 30 

Defined in Table 224A-2 

98 

CHANNEL 31 

Defined in Table 224A-2 

99 

CHANNEL 32 

Defined in Table 224A-2 

100 

CHANNEL 33 

Defined in Table 224A-2 
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TABLE 224A-2 ( cont inued ) 


Notes: 


a) 


b) 


15 5 !!* inalc ated equals 1 , display the word underlined. 
If the bit Indicated equals 0, display the vdrd parenthesis. 


3 Ld h ?n b 5 i.^ iC ? ted T * 18 X ’ aet the 303 terete that displays the 
“ U bit e9UalS °' ren0Ve the 


c) Display the following; 


btFU 

BIT 5 

"XXX"DISPLAY 

0 

0 • 

OFF 

0 

1 

ZER 

1 

0 

CMC 

1 

1. 

MAN 


d) Store bit STATUS for G&N 631 . 


e) 


Combine the lU magnitude bits of the most significant part (MS) with 
in magnitude bits of the least significant *art (LS). Bie decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. The signs appear in bit 15 of 
each word. y 


f) Store values of TIME 1, TIME 2 and RANGE TIME for G&N 602. 

g) Store bit status for G&N 622A and G&N 632. 

h) Store bit status for G&N 63 1. 


“ “ ^^ lg “ d 15 b “ COU “ ter - ^ CDUTq la greater than or equal 

61740 8 , form CDUT.-61740-, convert to decimal, and multiply by 90*/2 15 , 
Display result as CDUT. If CDUT is leu than 61T40 , form CDUT + 61740^ 
convert to decimal and multiply by 90*/2 iO . Display result as CDUT? ® 

* ^ 3 ^; 0rd “ “ UMlKned 15 m ““"ter, convert to decimal and multiply 
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Title : 


GC Clock Initialization Program GW 601 


Part Of: 
Purpose: 


Mission Initialization and GC Alignment Program 


Th i S Pr°i r o am sets the GC* cloc k registers TIME 1 
and TIME 2 equal to some predetermined preset value 
at a given Range Time. 


The purposes of G&N t>01 are as follows: 

A. To insert into the GC clock registers a predeter¬ 
mined preset value of time at a given range time. 


B. Insert in GC erasable memory a double 
value of Time-to-Epoch, when required. 


precision 


C. Prepare inputs for G&N *02 

NOTE: The uplink transmission (Noun-Verb sequence) 
format will be the same for the primary and secondary 
functions of this specification. 


Calling Sequence : 


clorif'n^T. I l' ng ? T ? ne 1 f r RP ) for Insertion of the GC 
clock preset value by the following C-START entry: 


1) Windows 10-9 insert 90 

2) Windows 8-7 insert XX hours of T Rp 

3) Windows 6-5 insert XX minutes of T Rp 

nearest^tenthi)* 2 T RP <“> *• 

5) Window 1 insert 0 


B. Insert the GC clock preset value as follows: 

1) Windows 10-9 insert 91 

2) Windows 8-5 insert ±XXX hours of E 

3) Windows 4-3 insert XX minutes of E P 

4) Windows 2-1 insert XX seconds of E P 
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C. Insert the first GC address of the time - 
registers into which the preset value E is to be 
stored, also enter the constant K for ^ G&N 602. 
This C-START entry is: 

1) Windows 10-9 insert 70 

2) Windows 8-4 insert YYYYY the 5 digit GC 
octal address for the time registers. 

3) Windows 3-1 insert XXX milleseconds for K. 


D. Enter the Epoch time, T-, that is to be stored in 

the GC. E 

1) Windows 10-9 insert 80 

2) Windows 8-5 insert ± XXX hours of Tg 

3) Windows 4-3 insert XX minutes of T £ 

4) Windows 2-1 insert XX seconds of T £ 

E. Enter the GC octal address, LOC, into which T_ 

is to be stored. ** 

1) Windows 10-9 insert 71 

2) Windows 8-4 insert YYYYY octal address LOC. 

3) Windows 3-1 insert 000 

F. Call up G&N 601 through the R-START Module specified 
in the PRPS. 

Input Data: 

” Range Time maintained in ACE-S/C computer. 

Ep - Preset time to be inserted in GC clock. 

Trp - Range time at which Ep is to be inserted. 

Tg - Time to Epoch when required. 

Normal Exit: Uplink Transmission to the GC and 
temporary storage of the following quantities. 

K - transmission delays to be supplied jointly by 
AC and G. E. 
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Computation Sequence: 


Trrs • Range time truncated to hr8. 

T n - Range time 
n l 

- Preset time 
P 


Error Exit: None. 


The following sequence should occur: 

1) When Range Time, T , is equal to T BOI the 
quantities E and the GC address for the 
time registers are transmitted uplink using the 
commands listed under Uplink Commands. 

2) If LOC is not equal to zero, then the quantities 
Tp and LOC are transmitted uplink using the 
cofnmands listed under Uplink Commands. 


3) Store the following items for inputs into G&N 602 : 

T r - Range time, which is also equal to T„„ 
n l RP 

E - Preset time 


T hrs * The value of T R , truncated to hours 

K - constant to be used in G&N 602 

4) All uplink commands are to be time tagged and 
filed on the Uplink File Tape. 

5) Before the double precision words E and T„ 
are transmitted uplink they must be concerted E 

to double precision words which have a least signifi¬ 
cant bit of 10 millesecond value. 


Key Code Complement 

1 XXXXX XXXXX XXXXX 

5 Bit Keycode 5 Bit Keycode 


Figure 601-1 
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Command Uplink : All uplink transmissions per Figure 601-1 will be as follows* 


10001 

OHIO 10001 (VERB) 

00010 

11101 00010 (2) 


00100 

11011 00100 (4) 


11111 

00000 11111 (NOUN) 

10000 

01111 10000 (0) 


00001 

11110 00001 (1) 


11100 

00011 11100 .(ENTER) 

ViWi 

¥iWi 

WiVi 

(DIGIT 1, OCTAL 
ADDRESS) 

0 2 0 2 0 2 0 2°2 

W 2 U 2°2 

° 2 0 2 0 2 0 2°2 

(DIGIT 2. OCTAL 
ADDRESS) 

°3°3 0 3 0 3 0 3 

°3°3 0 3 U 3 0 3 

°3 0 3°3 0 3 0 3 

(DIGIT 3, OCTAL 
ADDRESS) 

°4 0 4 0 4 0 4°4 

TO4°4°4 

°4 0 4 0 4 0 4°4 

(DIGIT 4, OCTAL 
ADDRESS) 

°5 0 5 0 5 0 5°5 

» 

Ws 

°5°5 0 5 0 5 0 5 

(DIGIT 5, OCTAL 
ADDRESS) 

11100 

00011 11100 (ENTER) 

VxWi 

VaVi 

VlVl 0 ! 

(DIGIT 1, WORD 1) 

0 2 0 2 0 2 0 2°2 

5 2 ° 2 0 2 0 2°2 

0 2 ° 2 0 2 0 2°2 

(DIGIT 2, WORD 1) 

°3 0 3 0 3 0 3°3 

®3 fl 3°3°3°3 

0 3°3 0 3°3 0 3 

(DIGIT 3, WORD 1) 

°4 0 4 0 4 0 4°4 

V 4 W 4 

°4 0 4®4 0 4°4 

(DIGIT 4. WORD 1) 

0 5 0 5 0 5 0 5°5 

¥W 5 

0 5 0 5 0 5 0 5 0 5 

(DIGIT 5, WORD 1) 

moo 

00011 11100 (ENTER) 

o 1 o 1 o 1 o 1 o 1 

¥iWi 

0 1 0 1 0 1 0 1°1 

(DIGIT 1, WORD 2) 

° 2 0 2 0 2 0 2°2 

OT2V2 

° 2 0 2 0 2 0 2°2 

(DIGIT 2, WORD 2) 

°3 0 3 0 3 0 3°3 

W?^3 

°3°3 0 3 0 3 0 3 

(DIGIT 3, WORD 2) 

0 4 0 4 0 4 0 4 0 4 

V4°4 0 4°4 

°4 0 4 0 4 0 4°4 

(DIGIT 4, WORD 2) 

0 5°5°5 0 5 0 5 

"WWs 

°5 0 5°5 0 5 0 5 

(DIGIT 5, WORD 2) 

moo 

00011 11100 (ENTER) 

11001 

00110 11001 (KEYBOARD RELEASE) 
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Verify: Each Uplink Transmission is to be verified via CSR Verify 

response. A non-verify response should be indicated by a 
CRT display of "TIME ERROR l". 


Store: 


CRT Display: 


TRj' E p' T HRS* 311(1 K f °r.inputs to G&N 602 
"TIME EPOCH XXX HRS XX MINS XX. XXX SECS" 


Operator Action : Console Operator: When Clock Initialization Program is 

desired, perform the C-START entries 
before R-START call-up of G&N 601 is made. Make sure 
there is no other major Uplink Activity at this time. 

Spacecraft Operator: No activity required. 

Uplink Requirements : See COMPUTATION SEQUENCE. 

Downlink Requirements : Measurement ID: Not applicable. 

Tolerance':. Not applicable. 

Remarks : Definition of terms used in this subprogram are as follows: 

“ Range Time (hrs, mins, secs, ms) 

“ Preset time for GC clock (hrs, mins, secs, ms) 

T Rp - Range time at which E is to be inserted (hrs, mins, 
secs, ms). P 

Tg • Time to Epoch (hrs, mins, secs, ms) 

K - Transmission delays (ms) 

LOC - Location (octal) of address in erasable GC memory. 
T HRS * Ran 8 e time truncated to Hrs. 
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Title: 
Part Of: 
Purpose: 


Calling Sequence: 


GC Time Verification Program G&N 602 

Mission Initialization and GC Alignment Program 

This program is designed to align the GC time clock to the 
Range Time reference. This program calculates the time 
alignment At which is to be added algebraically to the GC 
clock register TIMEl and TIME2 to correct for transmission 
delays in loading and reading these registers. 

Call-up through the B-START Module specified in the PRPS 
or PRD. 

Inputs: 

* from G&N 601 - Range time of initiation (hrs, 

1 mins, secs, ms) 

T HRS * Ran S e time truncated to Hrs from G&N 601 

K * Transmission delays from G&N 601 

Ep ■ Preset time inserted in GC Clock from G&N 601 

T A • Time from G&N 624 or 224 

T r . * Range Time of GC time receipt 

2 

Normal Exit: Display At in seconds. 

Error Exit: Display error sources as specified. 
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Computation Sequence: * 

Compute At « (T n - T n ) - (T - E 0 ) - K 
« 2 A P 

Note: See explanatory flow chart of At calculation (Figure 
602-1) and explanation of computations in "Remarks" 
section. 

Display: At (in seconds, decimal) in the following format: 

"DELTA TIME ± XXX. XXX SECS" 

Store: At as input to GAN 603 
Test: 

(1) If /At/ £. 15 minutes display "TIME ERROR 2". 

If /At/ < 15 minutes, continue. 

(2) When T. is sampled for GAN 602 sampling should 
not occur while the GC time registers in the 

, Downlink Computer memory are being updated. 


Since the Range Time is initialized every 24 hours, it is 
‘necessary to program a counter which contains the total 
hours from the initiation of GAN 601. A proposed flow 
chart for such a routine is given j n Figure 602-1. 


It should be noted that T 0 , 
«2 


Tp and T^ can be broken 


down into units of hours, minutes, seconds and milli¬ 
seconds. The compare statements in Figure 602-1 use only 
units of hours which are truncated. 


Operator Action: Console Operator: When time verification program is 

desired, call up is made through R-START Module 
activation. 

Spacecraft Operator: No activity required. 
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Uplink Requirements: 

Transmission to GC: None 

DTCS Stimuli Location: Not Applicable 

Time of Transmission: Not Applicable 


Downlink Requirements : 

Measurement ID: Measurement No. G 0001V 


Tolerance: If program fails At test, indicate failure by display 

indicated under TEST in "Computations" section and 
return to Uplink Control Program. 

Failure of program to execute because of no GC time 
available should be indicated by "TIME ERROR 4" and 
exit should be made to Uplink Control Program. 

The accuracy of At is to be 10 milliseconds. 


Filing Requirements: 


Remarks: 


During System Tests a recording of T n , T n , E- 


t a . k. t„ 


and DCNT should be made. 


HRS, 2 (HRS) 

Definition of terms used in this subprogram are as follows: 

- Range time from G&N 601 in hrs, mins, secs, ms. 

T hrs “ Range time from G&N 601 truncated to hrs. 


K ■ Transmission delays from G&N 601 in ms. 

E p « Present Time insert in LGC clock from G&N 601, 
in hrs, mins, secs, ms. 

- GC time from GW 224 or GW 624 in hrs, mins, secs, ms. 

Tr - Range time of GC time receipt in hrs, mins, 

2 secs, ms. 
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Title: 


GC Time Correction G&N 603 


Part Of: 


Mission Initialization and GC Clock Alignment Program 


Purpose: 


Calling Sequence: 

Input: At from G&N 602 

Normal Exit: Display At as per G&N 602. Return to 
Uplink Control Program. 

i Error Exit: Display "TIME ERROR 3" to indicate At not 
transmitted or incorrectly transmitted. 


inis program adds, algebraically, the differential 
time correction. At, to the GC clock to align it to 
Range Tune. This program formats and transmits 
through the GC Uplink the At which is then added to 
tJ L e GC to complete the alignment. G&N 601 and 
"Jo? 1 have been successfully executed Before 
G&N 603 is executed. 


Entry: Call-up through the R-START Module specified in 
the PRPS or PRD. 


Computations Sequence: 


following Uplink Transmission. 
Fi^ie™ 3 -l°. f 0,6 00 Uplink Transmissian ^ given in 
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XXXXX. 

5 Bit Keycode 


Keycode Complement 

xxxxx xxxxx 


5 Bit Keycode 
Figure 603-1. . LGC UPLINK FORMAT 



10001 

OHIO 

10001 

(VERB) 


00101 

11010 

00101 

(S) 


00101 

11010 

00101 

(5) 


moo 

00011 

11100 

(ENTER) 


SIGN 

SIGN 

SIGN 

(SIGN OF 


0 0 0 0 0 
11111 


0*0 00 n 

.2 2 2 2 2 


0*0 0 0 o 0 , 

3 3 3 3 3 


0 0 0 0 0 

4 4 4 4 4 


0 0 0 0 0 
5 5 5 5 5 


0 0 0 0 0 
11111 


0_0_0_0 n 0_ 
2 2 2 2 2 


0 o 0 o 0 o 0 o 0 o 
3 3 3 3 3 


0 0 0 0 0 

4 4 4 4 4 


0 0 0 0 0 
5 5 5 5 5 


0 0 0 0 0 
11111 

(1st DIGIT OF At) 

0 o 0 0 0 o 0 o 
2 2 2 2 2 

(2nd DIGIT OF At) 

0,0 o 0 o 0 o 0 o 

3 3 3 3 3 

(3rd DIGIT OF At) 

°4°4 0 4 0 4 0 4 
(4th DIGIT OF At) 

°5 0 5 0 5 0 5°5 


(5th DIGIT OF At) 

11100 00011 11100 (ENTER) 

11001 00110 11001 (KEYBOARD RELEASE) 


Verify: Each Uplink Word Transmission by using appropriate 
Uplink Verification Program. Indicate transmission failure 
by CRT display "TIME ERROR 3". 


Operator Action: Console Operator: When GAN 603 is desired, call-up is 

made through R-START Module activation. 


Spacecraft Operator: No activity required. 
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Uplink Requirement a; 

See "Computations" Sequence, 

DTCS Stimuli Location: not applicable 

Time of Transmission; no requirement 

Filing Requirements: All information transmitted should 
be recorded on Uplink Command File Tape. 


Downlink Requirements ; 


Remarks ; 


Measurement ID: not applicable. 

CRT Display: See Exits under Calling Sequence. 
Processing Category: See Program No. GAN $02 


This mode requires previous calculation of At by GAN 
« 602. The sign and five most significant digits are 

transmitted uplink. 
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Guidance Computer Downlink Format Program GW 621 


Part Of: Downlink Program 


Purpose: The LOT transmits blocks of five 8-bit words 

Into the PCM T/M at a 50 block per 
second rate. These data blocks represent a complete 
cycle through one LGC Downlist. The Downlist con¬ 
sists of a fixed length of 100 LGC words, each data 
block representing 2 of these words. Several lists 
are specified for LEM Block II, where the list address 
contained in the ID word identifies the transmitted 
parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of LGC word represented 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 


Calling Sequence: ' Entry: This subprogram operates under Downlink Execu¬ 
tive Program control and is initiated by receipt of an 
Executive program interrupt. 

Data: 1) A sequence of 50 blocks of five 8-bit words 
during 1 second. 

2) Notification upon loss of a block (prime frame) 
or sequence of 50 blocks (sub-frame). 

Normal Exit: Valid data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


Error Exit: Error conditions will be displayed on the 
CRT and recorded on the Downlink file tape. A search 
for an ID word to enable further data processing, occurs 
under certain error conditions. The CRT error displays 
are detailed in Table 621-2. 


4-621.1 



APOLLO G&N Specification 
ND1002S19 REV G 


Computation Sequence: 


The program receives blocks of five 8-bit words, con- 


figured as 

WORD 1 

follows: 

WOC 

S/15 

14 

13 

12 

11 

10 

9 

WORD 2 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 3 

P 

S/15 

14 

13 

12 

11 

10 

9 

WORD 4 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 5 

P 

X 

X 

X 

X 

X 

X 

X 

where WOC « Word order code 

<1 bit) 





P * Odd parity (LGC word) 

X * 0 as presently configured 

The data block contains 2 LGC 16-bit data or DSPTAB 
words, except where an ID word is encountered. The 
individual word formats are specified below. The LGC 
data word includes a parity (P) and sign (S) bit. (See 
Figure 621-1, 


(Bits) S/15 1 P 

n rn n i i i i i i f rn 

V___ j 

Data Content 

Figure 621-1 

The DSPTAB word format is essentially as specified in 
Figure 621-1, as far as this program is concerned. 
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The identification (ID) word format contains five 
leading zeros with bits l-lo containing the data list 
address. The complete ID word format is: 


WORD X 

15 10 IP 

loloioioiQl l 1 I I I I I l~m 

v --' 

Data List Address 


WORD Y 

15 1 P 

k>l 01 01 01 0101 II 0101 011 lllllllllil 

__ J 

Fixed Bit Pattern 
(00437 ) 8 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed for data monitoring or for DSKY display moni¬ 
toring. Table 621-1 contains the specified Downlink lists 
which initiate the operation of this program. 

Basically, Program G&N 621 receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE-S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 
621-2) where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
*1* indication. If a *1' is encountered the word must be 
complemented prior to transmitting the word to G&N 622 
for further processing. Upon detection of an ID word, the 

data list address is transmitted to G&N 624 to allow 
that program to utilize the correct display format and 
scaling information. Figure 621-2 is given as a representative 
flow, to convey the intent of the subprogram operation. 



Operator Action : 

Uplink Requirements: 
Downlink Requirements: 
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Console Operator: No activity required. 

Spacecraft Operator: No activity required. 

Not applicable 

Filing: Upon detection of an error the appropriate informa¬ 
tion is recorded on the Downlink file tape as specified in the 
flow chart and Table 621-2. \ p ' y. H k 

1- ax. i ir remove ) 

Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
621-2. The ACE requirements specification contains the 
CRT page and line information. 
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Table 621-1 
BASIC DOWNLIST FORMAT 


WORDCNT 

DATA 

Five-Word 

BLOCK 

WORDCNT 

DATA 

Five-Word 
BLOCK 

1 and 2 

ID 

1 

87 

88 

DSPTAB +8 
DSPTAB +9 

44 

3-76 

3 7 DP words, the 
data contents of 
which are speci¬ 
fied by the ID list 
address 

2-38 

89 

90 

DSPTAB +10 
DSPTAB +11 

45 

77 

78 

UPLOCK 

T6LOC 

39 

91 

92 

TIME 2 

TIME 1 

46 

79 

80 

DSPTAB +0 
DSPTAB +1 

40 

93 

94 

(Channel 11) 
(Channel 12) 

47 

81 

82 

DSPTAB +2 
DSPTAB +3 

41 

95 

96 

(Channel 13) 
(Channel 14) 

48 

83 

84 

DSPTAB +4 
DSPTAB +5 

42 

97 

98 

(Channel 30) 
(Channel 31) 

49 

85 

86 

DSPTAB +6 
DSPTAB +7 

43 

99 

100 

(Channel 32) 
(Channel 33) 

50 


Four ID groups shall be accepted as valid by this program: 


Downlist No. 

Word lg 

Word 2ft 

1 

00321 

00437 

2 

01610 

00437 

3 

00253 

00437 

4 

00001 

00437 
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Error Description 


This indicates that Wordcnt 
has incremented beyond a 
specified limit* with no 
ID word detected. 

At this point Wordcnt should 
be 101, if an ID has been 
received in the correct 
sequence. 

Parity is incorrect in 
the first LGC word in 
data block. 

Parity is incorrect in 
the second LGC word in 
data block. , 

ID word (bits 11-15) 

i (oo)e 

Fixed bit pattern in, 

ID word is illegal. 

Invalid list address en¬ 
countered after attempting 
to utilize second LGC word 
to identify ID word. 

Invalid list address en¬ 
countered in the first LGC 
word in data block. 

Parity is incorrect in ID 
word. 
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Table 621-2 . • 


CR T Displ ay_ File Tape Listing 


SYNCERR 1 


621, SYNCERR1, Time Tag 
Reference, WORDCOUNT, 
5 word block 


SYNCERR 2 


621, SYNCERR 2, Time Tag 
reference, WORDCOUNT, 
5-word block. 


WORDERR 1 

WORDERR 2 

WORDERR 3 

WORDERR k 

WORDERR 5 


j 621, W0RDERR1, Time Tag 
I reference, 5 word block, 
• WORDCOUNT. 

621, WORDERR 2, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

621, WORDERR 3, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

621, WORDERR 4, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

621, WORDERR $, Time Tag 
reference, 5 word block, 
WORDCOUNT 


WORDERR 6 

WORDERR 7 


621, WORDERR 6, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

WORDCOUNT, 5 word block 
WORDERR 7, Time tag ref. 


4-621.6 


287 



APOLLO GIN Specification 
ND1002319 REV C 















APOLLO GAM Specification 
ND1002319 REV C 



4-621.8 


289 







APOLLO GW Specification 
ND1002319 REV G 



Figure 621-2 (3 of 3) 
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Title: Guidance Computer Downlink Format Subprogram GAN 621-200 

Part Of: Downlink Program 


BKE2fi«: The subprogram accepts each block of five 8-bit T/M words 

(LGC Data), reformats the block into two 16-bit LGC words and 
checks parity. A check for the correct data sequence and a 
valid ID Block is also made. After these checks, the 16-bit 
LGC words are routed to the appropriate subprograms for further 
processing. If any of the checks fall, an error flag is set. 


Calling Sequence : Entry: This subprogram operates under Downlink Executive 

Program Control and is initiated upon receipt of an Executive 
Program interrupt. 

Data: Input - (a) A sequence of 100 blocks of five 8-bit T/M 
words over a 2 second period (2 sub-frames). 

(b) Notification upon loss of a block (Prime Frame). 

Output - (a) Valid data is transmitted to the appropriate 
ACE-S/C Subprogram (GAN 622-200 or G&N 624-200) for further 
processing and display. 

(b) Error conditions will be displayed on the CRT and recorded 
on the file tape. 

Normal Exit:: Return to Executive Program Control. 

Error Exit: None 
Computation Sequence: General: 

The program receives blocks of five 8-bit T/M words, with the 
following configurations: 

WORD 1 WOC 15 14 13 12 11 10 9 

WORD 2 8 7 6 5 4 3 2 1 

WORD 3 P 15 14 13 12 11 10 9 
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WORD 4 8 76543*1 

WORD 5 P XX XX XXX 

Where WOC * Word order code (1-bit) 

P * Parity (LGC word has odd parity) 

X * Not used 

The ID block should normally appear once every 100 prime 
frames and contains a zero WOC, two LGC 16-bit words including 
parity bits (P) and seven unused bit positions (X). LGC word 1 
contains the data list address in bit positions 15-1 
and parity (P) in bit position zero, LGC 

Word 2 contains a fixed bit pattern sync word (00437) g in bit posi¬ 
tions 1-15 and Parity (P) in bit position zero. LGC Word 1 
precedes LGC Word 2 in the data block transmission. The word 
order code (WOC) bit contains a 0 for all LGC ID blocks. An example 
block and word formats is shown below. 



The following ID groups shall be accepted as valid: 

Downlist No. (ID Wordl a (SYNC Word) ? Table No. 

1 01354 : 00437 _ , . 621-200-1 

The data blocks (normally 99 between ID blocks) contain a WOC, two LGC * 

16-bit words including parity bits (P) and seven unused bit positions (X). 

LGC Word 1 precedes LGC Word 2 in the data block transmission. The word order code 
(WOC) bit contains a 1 for all LGC Data Blocks. The block and word formats are specified 
as follows: 
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w 

o 


IWMBWIfHMi 


W-,T/M Word 2—>j4 T/M Word 2 
I I 


-LGC Word 2- 


f § , jT/M Word 5- M 

I *, [ I I 

H 1 * 1X50 Word 1 - ** -LGC Word 2 -- *+ Not u^d-W 

I 

The 200 word LGC downlist content is specified in applicable Table referenced by the ID word. 
The position of the LGC word in the find length list determines whether the word is to be routed 
for data monitoring (G&N 624-200) or for DSKY display monitoring (G&N 622-200). 


U sLZ a ,^ COm 1088 018ync < L08 > or condition, as specified in 

step. 3 and 4 below, wait for an ID block which baa a word order code of 0 then faiti.n.. 
a word counter. If no requirement for this step, proceed to step 2. 

2. Under normal condition, or successful completion of step 1 above, check parity of both 
the 1st and 2nd LGC words of the block. If this check fails, display WORD ERR 1 on the 

pr^^tostepT 0 ERR 1 W “ h th ® lDf0rmatl0ndeflned ““ter "teg requirements and 

3. For a WOC ■ 0, perform ID check for: 

a. Correct data list address in bits 1-16 of 1st LGC word in the ID block. 

b. (U0437) 8 in bits 1-15 of the 2nd LGC word in the ID block. 

If either of the above checks faU, display WORD ERR 2 on the CRT and file WORD ERR 2 with 
information defined under filing requirements. Return to wait routine^^T.^ 

If ID check passes, check that an ID block has net been received too soon. 

““ *“* * > ® ea recelved too soon, display SYNCERR 2 on the CRT and file SYNCERR 2 
with the information defined under filing requirements and proceed as if it had biln in 
e correct sequence. If the ID block is received in the correct sequence, a,, 

word count for processing data blocks and return to Exec.program controi 
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4. For a WOC$0, check, use word count, to see if an ID was expected. If it was 
display SYNCERR 1 on the CRT and file SYNCERR 1 with the information defined under 
Filing Requirements. Return to ’wait routine* specified in step 1 above. If no ID block 
was expected, proceed to step 5. 

5. DSPTAB words -K) thru +10D are to be sent to G&N 622-200 along with the word count 

after taking the ones complement of the DSPTAB word if bit 15 is a one (1). All other 
words with the exception of the ID word and SYNC word are to be sent to G&f 624-200* 
for processing. : * 

6. When LGC power is off,all bits in the data block will be zero causing a constant WORDERR 
1 and IDERR 1. If this condition exists, the error should be filed only once per 
minute. 


Operator Action 

Console operator: No activity required. 

Spacecraft operator: No activity required. 

Uplink Requirements Not applicable. 

Downlink Requirements : * 

CRT Display: This information is detailed in the computational sequence description 

and consists of program error displays as specified in Table 621-200-2. 
The ACE requirements specification contain the CRT page aM Hnf> 
information. 

1 

Tolerance: Not applicable. 

Measurement ID: GG 0001 

Upon detection of an error, the appropriate information is recorded on 
the file tape as specified in Table 621-200-2. 


Filing: 
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TABLE 621-200-1 
DOWN LIST NO. 1 


BLOCK 

WRD 

CNT 

LGC WRD 1 

WRD 

CNT 

LGC WRD 2 

woe 

- 

_ 1 _ 

nOWNUST in fO 1354—OCTAL) 

9 

SYNC RTTS (00437-OCTAL) 

in 

2 

3 

STATE VEC X POS MSB AVE-G 

4 

STATE VEC X POS LSB AVE-G 


3 

_5_ 

STATE VEC Y POS MSB AVE-G 

6 

STATE VEC Y POS LSB AVE-G 

i 

4 

7 

STATE VEC Z POS MSB AVE-G 

■a 

STATE VEC Z POS LSB AVE-G 

— r~ 

5 

_9_ 

STATE VEC X VEL MSB AVE-G 

B9 

STATE VEC X VEL LSB AVE-G 

i 

6 

11 

STATE VEC Y VEL MSB AVE-G 

12 

STATE VEC Y VEL LSB AVE-G 

i 

7 

13 

STATE VEC Z VEL MSB AVE-G 

14 

STATE VEC Z VEL LSB AVE-G 

i 

8 

■a 

STATIME MSB 

IH9 

STATIME LSB 

i 

9 

10 

GARBAGE 

iKfl 

DESIRED CDU X 

i 

10 

19 

DESIRED CDUY 

20 

DESIRED CDU Z 

— T“ 

11 

21 

DELV X MSB 

22 

DELV X LSB 

1 

mfm 


DELV Y MSB 

K 1 

DELV Y LSB 

1 

BS 

■33 

DELV Z MSB 

IES 

DELV Z LSB 

1 

14 

27 

LMP CMD , 


LMP CMD +1 

1 

15 

29 

LMP CMD*2 

30 

LMP CMD+-3 

1 

16 

31 

LMP CMD*4 

32 

LMP CMD+5 

1 

17 

33 

LMP CMDH5 

34 

LMP CMD+7 

1 

18 

35 

LMP in : ; • 

36 

LMP OUT 

1 

19 

37 

SPARE 

38 

SPARE 

1 

20 

39 

UPVERB 

‘ 40 

COMPNUMB 

1 

21 

41 

STATE COUNT 

42 

UPOLDMOD 

1 

22 

43 

ST BUFF +0 

44 

ST BUFF +1 

1 

23 

45 

ST BUFF +2 

46 

ST BUFF +3 

1 

24 

47 

ST BUFF +4 

48 

ST BUFF +5 

1 

25 

49 

ST BUFF +6 

50 

ST BUFF +7 

1 

26 

51 

ST BUFF + 8 D 

52 

ST BUFF +9D 

1 

27 

53 

ST BUFF + 10 D 

54 

ST BUFF + 11 D 

1 

28 

55 

ST BUFF + 12 D 

56 

ST BUFF +13D 

1 

29 

57 

I MODE 30 

58 

I MODE 33 

1 

30 

59 

TIME OF EVENT MSB 

60 

TIME OF EVENT LSB 

1 

31 

61 

FC MSB 

62 

FC LSB 

1 

32 

63 

AOSQ 

64 

AOSR 

—r 

33 

65 

TIGN MSB 

66 

TIGN LSB 

i 

34 

67 

REDO COUNTER 

68 

S FAIL 

i 

35 

69 

GARBAGE 

70 

ACTUAL CDU X 

i 

36 

71 

ACTUAL CDU Y 

72 

ACTUAL CDU Z 

i 

37 

73 

OMEGA P 

74 

OMEGA Q 

i 

38 

t5 

GARBAGE 

~ 76“ 

Omega r 

— r 

39 

77 

STATE 

78 

FLAGWORD 1 

i 

40 

79 

FLAGWORD 2 

80 

DAP BOOLS 

i 

_41_ 

_&L 

CHANNEL 11 

82 

CHANNEL 12 

i 
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TABLE 621-200-1 (Continued) 
DOWNLIST NO. 1 


BLOCK WRD 
CNT 


LGC WRD 1 


LGC WRD 2 



CHANNEL 13 
CHANNEL 30 


CHANNEL 3 
DSPTAB +0 


DSPTAB +2 
DSPTAB +4 


DSPTAB +6 
DSPTAB +8D 


DSPTAB 410D 
TIME 2 


103 COMPTORK MSB 
105 COMPTORK +2 MSB 


107 COMPTORK +4 MSB 
109 FAILREG 


111 FAILREG +2 
113 ALMCADR +1 


PIPA X j 

PIPA Z 


STATE +4 
SPARE 


SPARE 

SPARE 


LMPCMD 
LMPCMD +2 


LMPCMD +4 
LMPCMD +6 


LMP IN 
SPARE 


143 MISSION TIME REGISTER 4 
!45 MISSION TIME REGISTER 2 
PHASE NUM 
TIME TO GO MSB 


BURN DATA 
BURN DATA 


155 BURN DATA - 

157 BURN DATA 


BURN DATA 
BURN DATA 



CHANNEL 14 
_ CHANNEL 31 

CHANNEL 33 “- 

DSPTAB 41 _ 

DSPTAB +3 
DSPTAB f5 

DSPTAB +7 --- 

DSPTAB +9D 
DSPTAB +11D 
TIME 1 

COMPTORK +1 LSB 

COMPTORK 43 LSB _ 

COMPTORK +5 LSB 
FAILREG +1 
ALMCADR “ 

ERCOUNT 
PIPA Y 

GARBAGE _ 

GARBAGE 

SPARE _ 

"SPARE " 

SPARE 

LMPCMD +1 ~ 

LMPCMD +3 

TmpcmHTT 

LMPCMD +7 
LMP OUT 

SPARE _ 

MISSION PHASE REGISTER 3 
MISSION PHASE REGISTER 1 
^MISSION TIME REGISTER 3 
MISSION TIME REGISTER 1 
1/PIPADT ~ ‘ 

TIME TO GO LSB 

BURN DATA- 

BURN DATA 
BURN DATA 

BURN DATA __ 

BURN DATA 
BURN DATA 
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TABLE 621-200-1 (Continued) 
DOWNLIST NO. 1 


BLOCK 

WRD 

CNT 

===== 

LGC WRD 1 

WRD 

CNT 

LGC WRD 2 

WOC 

mi 


BURN DATA 

■ fill 

3URN DATA 

1 

■9 

MtXm 

BURN DATA 

Htti 

BURN DATA 

1 

84 


BURN DATA 

HOT 

BURN DATA 


85 

HR1 

GARBAGE 

■Bi 

ACTUAL CDU X 

■1 

86 

171 

ACTUAL CDU Y 

172 

ACTUAL CDU Z 


K9 

173 

OMEGA P 

174 

OMEGA Q 

i 

HI 

■y 

GARBAGE 

176 


■■■ 



STATE 

178 


H 

HEI1 

179 

FLAGWORD 2 

warn 



HI 

181 

CHANNEL 11 

182 


H 

92 


CHANNEL 13 

184 

CHANNEL 14 


93 

■33 

CHANNEL 30 

186 

CHANNEL 31 

i 

94 

187 

CHANNEL 32 

188 

CHANNEL 33 

i 

Ha 

H MM 

DSPTAB +0 

mm 

DSPTAB +1 

i 

mm 

HTTB 

DSPTAB +2 

Hpg 

DSPTAB +3 

i 

■k9 

HB1 

DSPTAB +4 


DSPTAB +5 

i 

98 


DSPTAB +6 

HE3 

DSPTAB +7 

i 

99 

msm 

DSPTAB +8D 

198 

DSPTAB +9D 

i 

100 

199 

DSPTAB +10D« 

200 

DSPTAB +11D 

i 
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TABLE 621-200-2 


ERROR DESCRIPTION 

CRT DISPLAY 

FILE TAPE 

This indicates that Word Count 
has incremented beyond a 
specified limit, with no ID 
word detected. 

SYNCERR 1 

SYNCERR 1, Time Tag 
reference, Word Count 

ID block 

At this point Word Count 
has not reached its specified 
limit, but an ID block has been 
received. 

SYNCERR 2 

SYNCERR 2, Time Tag 
Reference Word Count 

ID Block. 

The content of the ID 
block is not correct. 

WORDERR 2 

WORDERR 2, Time Tag 
Reference, Word Count 

ID Block 

Parity is incorrect in the 1st 
or 2nd LGC word of either an 

ID Block or a Data Block* 

? 

WORDERR 1 

WORDERR 1, Time Tag 
Reference, Block Count 

ID or Data, Block containing 
the parity error. 


621-200.8 
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Title: 

Part Of: 

Purpose : 

Calling Sequence: 

? 

Normal Exit : 

Error Exit: 

Computation Sequence: 
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GC Display Program G&N 622A 


Downlink Program 


The GC Display Program interprets all GC Display 
words that are detected as such by the GC Downlink 
Format Program G&N X21 and generates CRT displays 
identical in content and format to the on-board space¬ 
craft displays. This program provides ACE-S/C ground 
station test personnel the capability of continuously moni¬ 
toring all spacecraft keyboard displays. 


Entry: This program is activated only by the GC Down¬ 
link Format Program whenever it is processing Downlink 
data. 

i 

Data: Input: Inputs to the display program consist of a 
complete 16 bit AGC Downlink Display word. 


Output: Outputs consist of coded CRT display information 
which will be available for input to the Symbol Generator 
System (SGS) memory. 


Normal exit will be a return to the ACE Executive Program 
so it can provide data for program G&N X21. 


Error conditions will cause error information to be 
displayed on the CRT and recorded on the downlink 
file tape. After error recording, control is returned • 
to the ACE Executive Program. Error messages are 
detailed in Table 622A-3. 

Activation of the GC Display Program is attained via the GC 
Downlink Format Program, G&N X21. Inputs to this program 
will be two 8-bit words and a word count value from 79 to 89 
inclusive. The word count specifies the position of the display 
word in the Downlink list which in turn is used to identify the 
specific format of the display word. 

The two 8-bit words constitute a full 16-bit AGC Downlink Display 
word. The format of this word is shown in Figure 622A-1. 
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DUplay Words (Figure 622 A- 1 ) consist of tour parts of ooded 
information: 

1. The address in bits 15-12 is not used in Block H. 

Since the display words from the DSPTAB table are 
sequentially transmitted Downlink, the Downlink Format 
Program (G&N X21) will supply this subprogram a word 
count which will properly identify each display word as 
defined in Table 622A-1. 

2. The special code in bit 11 specifies a particular discrete 
associated with the Display word, 

3. Bits 10-6 and 5-1 represent Display Codes which are 
associated with specific Display Names. These codes 
specify the numeric character to be displayed according 
to Table 622A-2. 


Example: A Display Word with a bit configuration as shown 
in Figure 622A-2 ahd a word count of 83 should cause the ACE 
Display Program to: 


word'coultBI Display Word corresponding to associated 
word count 83 according to Table 622 A- 1 . 

ing tp t T t a h ble 8l Kl < ! i8PUy rCgi8teP <R2> * plUS * “ CCord * 

to diSpUy registep (R2Dl) “> 3 wording 


to Table 622^2*/ ***** PegiSteP m2D2) ‘° 6 


ine Display Program is activated by GAN X21 whenever 
be “ lter P r eted. y Upon entry 

SSue f„ ieVlt5 Splay ,P t L 0 ^“ n swi,che * O" the word count 
* hlch of the 11 display words is to be 
interpreted and displayed. 


Below is a brief description of the action to He taken on 
these display words. (See Figure 622A-3 for flow dUgram). 


WORD COUNT 
from 21 


DISPLAY WORD ACTION 


81. 87. 88 or 89 


86 

80. 83 or 85 

bit 11 = 1 
bit 11 * 0 


The special code bit (bitt 11), of these 4 
display words, is meaningless, therefore 
control is transferred to program region 1. 

Go to program region 2. 

Bit 11 of these display words is Interpreted 
as follows: 

Set sign indicator of R to plus. 

Do not change the sign indicator of R. 

4-622A.2 300 



APOLLO G*N Specification 
ND1002319 REV C 


? 


WORD COUNT 
from 621_ 


DISPLAY WORD ACTION 


79, 82 or 84 


bit 11 * 1 
bit 11 * 0 


Bit 11 of these display words is 
interpreted as follows: 

Set sign indicator of R to minus. 
Set sign indicator of R to blank. 


In both cases the program continues to region 1. 

NOTE: Words with word counts 84 and 85 set the sign 
of Rl; words with word counts 82 and 83 set the sign of 
R2; words with word counts 79 and 80 set the sign of R3. 

Region 1 - extracts the relay code corresponding to bits 
10-6 of the Downlink word and checks it against 
Table 622A-2 for legality. If the code is legal the indicator 
is set to display the digit from Table 622A-2 followed by 
a transfer to Region 2. If the code is not legal clear the 
sign display indicator and initiate a relay-error exit. 

R egion 2 - extracts the relay code corresponding to bits 
5-1 and checks it against Table 622A-2 for legality. If the code 
is legal the indicator is set to display the digit from Table 
622A-2 followed by a return to the ACE Executive Program. If 
the code is not legal clear the sign and first digit display 
indicators and initiate a relay-error exit. 


Filing Requirements: :; I t v lo"iU -pa' .'.Uy Is i . .. A 

Upon detection of an error the appropriate records should 
be made on the file tape. These are given in Table 622A-S. 

An R-START is to be used to transcribe the entire display 
on the file tape. This R-START will be interrogated after 
the processing of the 11th display word (word count s 89). 

If the R-START is selected and the display has changed since 
the last recording, the entire display is to be recorded (in¬ 
cluding FLASH and UPLINK indicators). If either the R- 
START is not selected or the display has not changed, no 
recording should be maHe. The recording should be prefaced 
by *622A Display Recording*. 


Display Requirements: The CRT Displays required in error conditions are given in 

Table 622A-3. They and the DSKY CRT displays will be formatted 
on the pages defined in the ACE Requirements Specification. 
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16 BIT GC DOWNLINK DISPLAY WORD 


Address 


Special 
~ode 


Relay 

Code 


Relay 

Code 


Parity 


B 

BBB 

B 

B 

B 

B 

BBB 

UDi 


15 


Figure 622A-1 


i ' 


Address 


DISPLAY WORD EXAMPLE 
Special Relay 

Code Code - 


Relay 


Parity 



_1- F 


o 

o 

o 

o 

Jjjj 


j. 1* 

m 

r o 

o 

H 

_ 


Figure 622A~2 


f 
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Associated 

Word 

Count 

89 

88 

87 

86 

85 

84 

83 

82 

81 

(80 

79 


Table 622A-1 



Table of DISPLAY Words 


Address 

Bits 15-12 
Binary Code 

Special Code 

Bit 11 

Display Name 
Relay Code for 
Bits 10-6 

Display Name 
Relay Code for 
Bits 5-1 

N 

— 

MD1 

MD2 

O 


VD1 

VD2 

T 

— 

ND1 

ND2 



— 

R1D1 

U 

+ HI 

R1D2 

R1D3 

S 

- R1 

R1D4 

R1D5 

E 

4 R2 

R2D1 

R2D2 

D 

- R2 

R2D3 

R2D4 


-- 

R2D5 

R3D1 


+ R3 

R3D2 

R3D3 

* 

• . - R3 

R3D4 

R3D5 

« 

Table 622A-2 



5 Bit Relay Codes for Numeric Character Display 


BLANK 

00000 



0 

10101 



1 

00011 



2 

11001 



3 

11011 



4 

01111 



5 

11110 



6 

11100 . 



7 

10011* 



8 

11101 



9 

11111 
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Table 622A-3 
ERROR DESCRIPTION 


ERROR 

CRT 

STANDARD 

DISPLAY 

MESSAGE ON 



FILE TAPE 

A word has appeared 
containing a relay code 
which is not in Table 622A-2 

RELERR1 

622A RELERR1. 
its-bit word, 
time tag, and 

ID code 


< 


4-622A* 6 



APOLLO G&N Specification 
ND1002319 REV C 



Figure 622A-3 
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GC Display Program (DSPTAB) G&N 622-200 


Part Of: 


Downlink Program 


The GC Display Program interprets all GC DSPTAB 
words that are detected as such by the GC Downlink 
Format Program and generates CRT displays identical 
in content and format to the on-board spacecraft displays. 
This program provides ACE-S/C ground station test 
personnel the capability of continuously monitoring all 
spacecraft keyboard displays. 


Calling Sequence : 


Entiy: This program is activated only by the GC Down¬ 
link Format Program whenever it is processing Downlink 
data. 


Data: Input: Inputs to the display program consist of a 
. complete 16 bit GC Downlink DSPTAB word. 


y * Output: Outputs consist of coded CRT display information 

which wiU be available for input to the Symbol Generator 
System (SGS) memory. 


Normal Exit: 


Normal exit will be a return to the ACE Executive Program. 


Error conditions will cause error information to be displayed 
on the CRT and recorded on the file tape. After error record¬ 
ing, control is returned to the ACE Executive Program. 

Error messages are detailed in Table 622-200-3. 


C omputation Sequence: Activation of the GC Display Program la attained via the GC 
Downlink Format Program. Inputs to this program will be 
two 8-bit words and a word count. The word count specifies 
the position of the DSPTAB word in the Downlink list which 
in turn is used to identify the specific word format. There 
is a possibility that there can be more than one word count 
for a specific DSPTAB word. The GC Downlink Format 
Program will define word count/DSPTAB relationship. 

The two 8-bit words constitute a full 16-bit GC Downlink 
DSPTAB word. The format of this word is shown in Figure 
• 622-200-1 and consists of four parts of coded information 

as follows: 

4-622 
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Bite 15-12: The address in these bits is not used. 


2. Bit 11: The special code in this bit specifies a 
particular discrete associated with the DSPTAB word. 

3. Bits 10-6: Represent Display Codes which are 
associated with specific Display Names. These codes 
specify the numeric character to be displayed according 
to Table 622-200-2. 


4. Bits 5-1: Same as bits 10-6 above. 


Since the contents of the DSPTAB table is sequentially 
transmitted Downlink, the GC Downlink Format Program will 
supply this subprogram with the DSPTAB contents (display 
word) and a word count associated with the DSPTAB. This 
word count will properly identify each DSPTAB. The display 
word associated with each DSPTAB is defined in Table 
622-200-1. 

Example: A 16-Bit GC Downlink Word with a specific word 
count, DSPTAB+4, and a bit configuration as shown in Figure 

< 622-200-2 should cause the ACE Display Program To: 

1. Select the Display Word corresponding to DSPTAB+4 
4 according to Table 622-200-1. 3 

< 2. Set the sign of display register (R2) to plus, according 

to Table 622-200-1 


3. Set digit 1 of display register (R2D1) to 3 according 
to Table 622-200-2. 


4. Set digit 2 of display register (R2D2) to 6 according to 
Table 622-200-2. 

The Display Program is activated by the Downlink Format whenever 
Program display words are to be interpreted. Upon entry 
from the Downlink Format Program the display program 
switches on the word count value to determine which of the 
H DSPTAB words is to be interpreted and displayed. 
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The Logic sequence for the DSPTAB Words depends on 
the state of bit 11. Below is a brief description of the 
action to be taken. 


DSPTAB 


DSPTAB WORD ACTION 


+2, +8D,+9D or +10D The special code bit (bit 11), of these 4 

DSPTAB words, is meaningless, therefore 
perform sequence 1 as described below 


+7 


Perform sequence 2 as described below: 


+1.+4 or +6 

bit 11 = 1 
bit 11 * 0 


Bit 11 of these DSPTAB words is in¬ 
terpreted as follows: 

Set sign indicator of R to plus. 

Do not change the sign indicator of R. 


+0, +3 or +5 

bit 11-1 
bit 11-0 


Bit 11 of these DSPTAB words is 
interpreted as follows: 

Set sign indicator of R to minus. 
Set sign indicator of R to blank. 


In both cases the program performs sequence 1. 


NOTE: With DSPTAB +5 and +6 set the sign of Rl; 

DSPTAB +3 and +4 set the sign of R2; DSPTAB +0 and +1 set 
the sign of R3. 


Sequence 1 - extracts the relay code corresponding to bits 
10-6 of the Downlink word and checks it against Table 622-200-2 
for legality. If the code is legal the indicator is set to display 
the digit from Table 622-200-2 followed by a transfer to sequence 2. 
If the code is not legal clear the sign display indicator ini¬ 
tiate a relay-error exit. 

Sequence 2 - extracts the relay code corresponding to bits 5-1 
and checks it against Table 622-200-2 for legality. If the code is 
legal the indicator is set to display the digit from Table 622-200-2 
followed fay a return to the ACE Executive Program. If the 
code is not legalj clear the sign and first digit display indicators 
and initiate a relay-error exit. 

Upon detection of an error the appropriate records should be 
made on the file tape. These are given in Table 622-200-3. 

An R-START is to be used to transcribe the entire display on 
the file tape. This R-START will be interrogated after the 
processing of the 11th display word. If the R-START is selected 
and the display has changed since the last recording, the entire 
display is to be recorded (including FLASH and UPLINK indicators). 
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If either the R-START is not selected or the display has not 
changed, no recording should be made. The recording should 
be prefaced by *622 Display Recording*. 

Display Requirements: The CRT Displays required in error conditions are given in 
Table 622-200-3. They and the DSKY CRT displays will be 
formatted on the pages defined in the ACE Requirements 
Specification. 




J 


4-622-200.4 


309 



APOLLO G&N Specification 
ND1002319 REV C 


Address 

- 


16 BIT GC DOWNLINK DISPLAY WORD 
Special 
Code 

4 . 


Relay 

Code 


Relay 

Code 


Parity 


15 114 


13 


12 


11 


10 


8 


FIGURE 622-200-1 


■i 


J 


DISPLAY WORD EXAMPLE 

Address Special Relay Relay Parity 

Code Code Code 



FIGURE 622-200-2 
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TABLE 622-200-1 
TABLE OF DISPLAY WORDS 


DSPTAB 

+10D 
+ 9D 
+ 8D 
+ 7 
+ 6 

♦ 5 

♦ 4 
+ 3 
+ 2 
+ 1 

♦ 0 


J 


Address 

Bits 15-12 Special Code 

Binary Code Bit 11 

N 

O 

T 

U +R1 

8 -Rl 

E +R2 

D -R2 

+R3 

-R3 


Display Name 

Display-Name 

Relay Code for 

Relay Code for 

Bits 10-6 

Bits 5-1 

MDl 

MD2 

VD1 

VD2 

ND1 

ND2 


RlDl 

Rids 

R1D3 

R1D4 

R1D5 

R2D1 

R2D2 

R2D3 

R2D4 

R2D5 

R3D1 

R3D2 

R3D3 

R3D4 

R3D5 




TABLE 622-200-2 

5 BIT RELAY CODES FOR NUMERIC CHARACTER DISPLAY 

BLANK 00000 

0 10101 

1 00011 

2 11001 * 

3 11011 

4 01111 

5 11110 

6 11100 

7 10011 

8 11101 

9 11111 
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ERROR 


A word has appeared 
containing a relay code 
which is not in Table 
622-200-2 
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TABLE 622-200-3 
ERROR DESCRIPTION 

CRT . STANDARD 

DISPLAY MESSAGE ON 

FILE TAPE 

RELERR1 622 RELERRl r 

16-bit word, 
time tag, and 
word count 
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Title: 
Part Of : 
Purpose: 


Calling Sequence: 


LGC Downlink Interpretation Program, LEM GAN 624A 
Downlink Program 

This subprogram defines the interpretation of the LGC Down¬ 
link Data which is required for ACE-S/C console operator usage 
and information. Four downlists are to be processed by this 
subprogram for post-installation testing. The second word of 
the identification group for all downlists is identical, i.e., 

00437g. Lists with a first ID word of 00321g or 01610g shall 
be processed entirely as described in Table 624A-1. For lists 
with the first ID word 00253g or OOOOlg, words 3 through 76 
should not be processed, but words l, 2, and 77 through 100 
should be processed as described in Table 624AHL. 

Entry: This subprogram is activated by the LGC Downlii* 
Format Program, GAN 621, whenever the format Program 
is processing Downlink Data. 

Data Input: Input from GAN 621 to the Downlink Interpretation 
Program consists of a 16-bit LGC Downlink Data Word. Two 
types of LGC words will be processed by GAN 624: 

* 1) Identification: This word specifies the data list 

which is being received by GAN 624. 

2) Data: Actual LGC data words. The position in the 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use by other ACE¬ 
S/C GAN Subprograms. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to GAN 621. 

Error Exit: None. 

The downlink list for the LGC is transmitted once per second 
and consists of 100 words (two per prime frame). Each prime 
frame consists of five 8-bit PCM words which contain a 1-bit 
word order code, two 16-blt LGC words and seven extra (0) bits: 
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BIT 




WORD 1 

WOC 

S/15 

14 

13 

12 

11 

10 

WORD 2 

8 

7 

6 

5 

3 

3 

2 

WORD 3 

P 

S/15 

14 

13 

12 

11 

10 

WORD 4 

8 

7 

6 

5 

4 

. 3 

2 

WORD 5 

P 

0 

. 0 

0 . 

0 

0 

0 


The Word Order Code (WOC) is 0 for an ID word and 1 for data worcte. 

P is a Parity Bit 
S is a Sign Bit 

Table 624A-1 describes the contents of the list and provides the processing 
requirements for each word. 

Operator Action: None 

Uplink Requirements : None 

Downlink Requirements : CRT Display: The ACE-8/C Programming Requirements 
Documents contain the CRT scope and line information 
associated with displays referenced in this subprogram 
specification. 

Filing Requirements: None. 
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SCALE 

FACTOR 

Etc Kl 
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BIT(S) 


WORD NAME 
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WORD 

NUMBER 
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1 
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I I ' Blip i I s I 

-- Hi li Is ;;« 
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DATA. MANIPUIATIQB 

See Note ( ) 
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SCAIJ5 

FACTOR 
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NOTES: 

N/A 

(•) 

(b) 

(c) 


<d> 

(•) 

(f) 

(g) 
‘ (b) 

(0 


TABLE 624A-L (Continued) 


lfot Applicable. 

If the bit indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. 

If either bit equals one, display the word underlined. 

If both bits are zero, display the word in. parentheses. 

Combine the lb magnitude bits of the most significant (MS) part 
vith 14 magnitude bits of the least significant part(LS). The 
decimal conversion should be made only after the two parts 
of the double precision word have been sign checked. The 
signs appear in bit 15 of each word. See "Remarks" for a 
method for handling double precision words. 

Same as (b). 

HOTE: This double precision word must be scaled two ways 
each of which is displayed. 

Store bit status for G&N 631. 

Store values for GW 602. 

Store bit status for GW 622 and 632. If the indicated bit is 
a one, set the SOS Discrete for VERB-NOUN PLASH. If the bit is 
zero, clear the discrete. 

If the bit indicated equals one, set the SOS Discrete that 
displays the word in the display column. If the bit equals 
zero, remove the appropriate SGS Discrete. 
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REMARKS • 


Method of Handling Double Precision LGC Downlink Words 


Figure 624A-1 is a flew diagram ot a steheme fb* Jbukiling the dbuhle precisien 
(DP) IGC downlink words. Each word consists of a sign bit (the high 
order bit), fourteen data bits and a parity bit (low order bit) for odd 
parity. ^J^ownlink words A and B may be in one of four conditions; 
n»-*e%? 0000< ^ ’ " lnua lero (77777 8 ), positive non-zero or negative 


Tests are Bade on the sign and magnitude of A, and depending on the 
results, similar tests are made on B as outlined in Figure 624A-1. la the 
cases where A is plus or minus zero, the sign of B shall be the con¬ 
trolling sign. 


In cases where A is non-zero and B is of opposite sign, the conversions 
B ti Flgure 024A-V forcing tte.lga rf 


Prior to combining the DP words into a single quantity, the 3 and P 
bits ore dropped. Converted B is then added to converted A X 2 1 , and 
~ 8ultln * 26 bit wrd ls converted to decimal, scaled and displayed 
on CRT with a. sign as specified in the flow diagram. 
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Title: 


LGC Downlink Interpretation Program G&N 624B 


Part Of; Downlink Program 


• ^ r P ose: Th is subprogram defines the interpretation of the LGC Down¬ 

link Data which is required for ACE-S/C Console operator 
usage and information. Four downlists are to be processed 
by this subprogram for post-installation testing. The second 
word of the identification group for all downlists is identical, 
i. e., 00437g. Lists with a first ID word of 00321g or 01610g 
shall be processed entirely as described in Table 624B-1. 

For lists with the first ID word 00253g or OOOOlg, words 2 
through 76 should not be processed, but words 1 and 77 through 
100 should be processed as described in Table 624B-1. 

Calling Sequence: Entry: This subprogram is activated by the LGC Downlink 

Format Program, G&N 621, whenever the format Program 
is processing Downlink Data. 

Data Input: Input from G&N 621 to the Downlink Interpretation 
Program consists of a 16-bit LGC Downlink Data Word. Two 
1 types of LGC words will be processed by G&N 624B: 

? 1) Identification: This word specifies the data list 

4 which is being received by G&N 624B. 

, 2 ) Data: Actual LGC data words. The position in the 

list identifies the data being processed. 

Data Output: Output will consist of CRT displays and pro¬ 
cessed parameters stored in temporary buffers for use by 
other ACE-S/C G&N Subprograms. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to G&N 621. 


Error Exit: None. 

Computation Sequence: Table 624B-1 describes the contents of the list and provides 

the processing requirements for each word. 

Operator Action: None. 

Uplink Requirements: None. 
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Downlink Requirements ; CRT Display: The ACE-S/C Programming Requirements 
Documents contain the CRT scope and line information 
associated with displays referenced in this subprogram 
specification. 

Filing Requirements: Activation of the •RECORD* R-START module function 

switch specified in the PRPS or PRD will cause the filing*' 
of a time tag and the following: 

Octal Words: ID 

Event Words: RADMODES, IMODES30, DSPTABH1, 

CHNL 11, CHNL 12, CHNL 13, CHNL 14, CHNL 30, CHNL 31. 
CHNL 32, CHNL 33 

Single Precision Words: REDOCTR, CDUX, CDUY, CDUZ, 
CDUS, CDUT, PIPAX, PIPAY, PIPAZ 

Double Precision Words: (TIME 1, TIME 2) 
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1-15 

1-15 
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DISPLAY 

UPLOCK ON ( ) 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A ' 

N/A 

N/A 

N/A 

NO ATTITUDE ON ( ) 

N/A 

GIMBAL LOCK ON ( ) 

N/A 

TRACKER FAIL ON ( ) 

PROGRAM ALARM ON ( ) 

N/A 

LGC TIME XXXX HRS XX MIN XX. XX SEC 

N/A 

COMPUTER 

UPLINK 

TEMP CAUTION ON ( ) 

KEY RELEASE ON ( ) 

FLASH VERB-NOUN ON ( ) 

DATA MANIPULATION 

See Note ( ) 

o 

o 

© 

o 

t ■ ' \ © 

CO 

> 

H 

Pm 

go 

s 88SS888SSSSaSS'8 s 88 s 8 

slessss 

BIT (S) 

1 

2-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-3 

4 

5 

6 

7 

8 

9 

10-15 

1-15 

1-15 

1 

2 

3 

4 

5 

6 

WORD NAME 

UPLOCK 

UPLOCK 

T6LOCK 

DSPTAB + 0 
DSPTAB + 1 
DSPTAB + 2 
DSPTAB + 3 
DSPTAB + 4 
DSPTAB + 5 
DSPTAB + 6 
DSPTAB + 7 
DSPTAB + 8 
DSPTAB + 9 
DSPTAB + 10 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 
DSPTAB + 11 

TIME 2 (MS) 

TIME 1 (LS) 

CHNL 11 

CHNL 11 

CHNL 11 

CHNL 11 

CHNL 11 

CHNL 11 

WORD 

NUMBER 

t*bNt*oo«#flooo«ooaooo. oo««oj®o>«5aa««®o>®«a 


J 
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TABLE 624B-1 (Continued) 

NOTES: 

• 

N/A 

Not Applicable 

CTDEC 

Convert the word to decimal considering the word to be a 14 bit 
number with a sign bit in bit 15 and that if the sign is negative 
(bit 15 = 1) the 14 data bits are received as the 2*s complement. 

CTOCT 

Convert the 15 bit number to OCTAL 

SF 

After converting the number to decimal, multiply by the scale 
factor indicated. 

(a) 

If the bit indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. 

(c) 

Combine the 14 magnitude bits of the most significant (MS) part with 

14 magnitude bits of the least significant part (LS). The decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. The signs appear in bit 15 
of each word. See "Remarks" for a method for handling double 
precision words. 

(e) 

NOTE: This double precision word must be scaled two ways, ? 

each of which is displayed. 

<0 

Store bit status for GW 631. 

(g) 

Store values for GW 602 

00 

Store bit status for GW 622 and 632. If the indicated bit is a one, 
set the SGS Discrete for VERB-NOUN FLASH. If the bit is zero/ 
clear the discrete. 

(i) 

If the bit indicated equals one, set the SGS Discrete that displays the 
word in the display column. If the bit equals zero, remove the 
appropriate SGS Discrete. 

0) 

These bits must also be displayed as follows: 


ISS MODE Where X is a 'O’ or '1' for the 

bit indicatedby the subscript. n 

00 

Treat this word as an unsigned 15 bit counter, convert to decimal 
and multiply by 360°/2 15 
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Title: 

Part Of: 

Purpose : 

Calling Sequence : 


? 

Computation Sequence: 

Operator Action : 

Uplink Requirements: 
Downlink Requirements : 


LGC Downlink Interpretation Program G&N 624-200 
Downlink Program 

This subprogram defines the Interpretation of the LGC Down¬ 
link Data which Is required for ACE-S/C Console operator 
usage and Information* 

Entry: This subprogram Is activated by the LGC Downlink 
Format Program, G&N 621-200, whenever the format Program 
Is processing Downlink Data* 

Data Input: Input from G&N 621-200 to the Downlink Interpre¬ 
tation Program consists of a 16-bit LGC Downlink Data Word 
and a word count. The position in the list Identifies the data 
being processed. 

Data Output: Output will consist of CRT displays, filing and 
processed parameters stored In temporary buffers for use by 
other ACE-S/C G&N Subprograms. 

Normal Exit: Return to ACE Executive Program, 


ErrorExit: None. 

Table 624-200-1 describes the contents of the list that relate to 
this Subprogram and provides the processing requirements for 
each word. 

None* 

None. 

CRT Display: The ACE-S/C Programming Requirements 
Documents contain the CRT scope and line information associated 
with displays referenced in this subprogram specification. 

Filing Requirements: Activation of the 'RECORD 1 R-START 
module function switch specified In the PRPS or PRD will cause 
the filing of a time tag and Items specified for filing In Table 
624-200-1. 
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TABLE 624-200-1 
































LMPCMD+6 
LMPCMD +7 
LMPIN 
LMP OUT 
SPARE 
SPARE 
UPVERB 
COMPNUMB 


1-15 C3 
1-15 C3 
1-15 C3 
1-15 C3 
1-15 
1-15 

1-16 N/A 
1-15 N/A 


XXX 
XXX 
LMP IN X 
LMP OUT X 


41 STATE COUNT 


1-15 N/A 


42 UPOLDMOD 


1-16 N/A 


ST BUFF +0 
STBUFF n 
ST BUFF +2 
ST BUFF +3 
ST BUFF +4 
ST BUFF +5 
ST BUFF +6 
ST BUFF +7 
ST BUFF +8D 


1-15 C6 
1-15 C6 
1-15 C6 
1-15 C6 
1-15 C6 
1-15 C6 


RXXXXX 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

VXXXXX 

XXXXX 

XXXXX 


* Refer to Table 624-200-2 
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TABLE 624-200-1 (Continued) 


WORD 

WORD 

BIT(S) 

DATA MUNIPULATION 

DI8PLAY 

NUMBER 

_NAME 

Code* 

Scale Factor 

See Note( ) 

52 

8T BUFF +9D 

1-15 

C6 


' 

XXXXX 

53 

ST BUFF +10D 

1-15 

C6 



XXXXX 

54 

ST BUFF +11D 

1-15 

C6 



XXXXX 

55 

ST BUFF +12D 

1-15 

C6 



TXXXXX 

56 

ST BUFF +13D 

1-15 

C6 



XXXXX 

57 

I MODES 30 

1- 

Cl, 



IGN PIP FAIL ON ( ) 




C20 




57 

I MODES 30 

2 

C20 



N/A 

57 

I MODES 30 

3 

Cl, 



IGNICDU FAIL ON ( 1 ' 




C20 




57 

I MODES 30 

4 

Cl, 



IGNIMU FAIL ON ( ) ) 




C20 




57 

1 MODES 30 

5 

C1,C2( 



IGNPEP FAIL ON ( 1 : 

57 

I MODES 30 

6 

Cl, 



INITIALIZE ISS ON ( ) 

57 

I MODES 30 

7-15 

C20 



N/A 

58 

I MODES 33 

1-15 

N/A 


■ 

N/A 

59 

TIME OF EVENT 

1-15 

C4 


( 

TEVENT XXXX HR XX MIN XX. XX SEC 


MSB 




) 


60 

TIME OF EVENT 

1-15 

C5.C9 


( 



LSB 






61 

FC MSB 

1-15 

N/A 



N/A 

62 

FC LSB 

1-15 

N/A 



N/A 

63 

AOSQ 

1-15 

N/A 



N/A 


* Refer to Table 624-200-2. 624-200.4 
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TABLE 624-200-1 (Continued) 



624-200.6 

m 


* Refer to Table 624-200-2, 
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TABLE 624-200-1 (Continued) 


WORD 

NUMBER 

WORD 

NAME 

BIT(S) 

_a 

ATA MANIPU 

LATION 

DISPLAY 

Code* 

Scale Factor 

See Note ^ } 

78, 178 

FLAG WORD 1 

1 

Cl, 


• 

AVEGON ( ) 




C20 




78, 178 

FLAG WORD 1 

2 

Cl, 



GRR FLAG ON ( ) 




C20 



. 

78, 178 

FLAG WORD 1 

3 

Cl, 



UPLOCK ON ( ) 




C21, 







C20 




78, 178 

FLAG WORD 1 

4-7 

C20 



N/A 

78, 178 

FLAG WORD 1 

8 

Cl, 



FA INHIBIT ON ( I 




C20 




78, 178 

FLAG WORD 1 

9-12 

C20 



N/A 

78, 178 

FLAG WORD 1 

13 

Cl, 



TUMBFLAG ON ( ) 




C20 




78, 178 

FLAG WORD 1 

14 

Cl, 



TUMB MON ON ( ) 



t 

C20 




78, 178 

FLAG WORD 1 

15 

C20 



N/A 

79, 179 

FLAG WORD 2 

1 

Cl, 



RCS SOAK INH ON ( ) 




C20 


- 


79, 179 

FLAG WORD 2 

2 

Cl, 



DPS SOAK INH ON ( ) 




C20 




79, 179 

FLAG WORD 2 

3 

Cl, 



RCS TEST INH ON ( ) 




C20 



. 

79, 179 

FLAG WORD 2 

4 

C20 



N/A 

79, 179 

FLAG WORD 2 

5 

Cl, 



TIMERS ENBL ON ( ) 




C20 




79, 179 

FLAG WORD 2 

6 

Cl, 



UPDAT FLAG ON ( ) 




C20 




79, 179 

FLAG WORD 2 

7 

Cl, 



ORB INTEG ON ( ) 




C2P 




79, 179 

FLAG WORD 2 

8 

Cl, 



ASC FD TEST ON ( ) 




C20 




79, 179 

FLAG WORD 2 

9 

Cl, 



ABORT ENBL ON ( ) 




C20 




79, 179 

FLAG WORD 2 

10 

Cl, 



ABORT CMD R/P ON ( ) . 




C20 





* Refer to Table 624-200-2, 
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TABLE 624-200-1 (Continued) 


WORD 

NUMBER 

WORD 

NAME 

BIT(S) 

MANIPULATI 

ON 

Code* 

Scale Factor 

See Note ( ) 

79, 

179; 

FLAG WORD 2 

11 

Cl, 








C20 



79, 

179 

FLAG WORD 2 

12 

Cl, 








C20* 



79, 

179 

FLAG WORD 2 

13 

Cl, 








C20 



79, 

179 

FLAG WORD 2 

14 

Cl, 








C20 



79, 

179 

FLAG WORD 2 

15 

Cl, 








C20 



80, 

180 

DAP] 

300LS 

1 

C20 







2 

reWSETi] 







3-4 

C20 







5 

C1,C20 







6 

C1.C20 







7 

C1,C20 







8 , 

C1,C20 







9-10 

C20 







11 

C1,C20 







12-13 

C20 

V 






14 




80, 

180 

DAP BOOLS . 

15 




81, 

181 

CHANNEL 11 

1 

C20 



81, 

181 

CHANNEL 11 

2 

C22, 








C20 



81, 

181 

CHANNEL 11 

3 

C22, 








C20 



81, 

181 

CHANNEL 11 

4 

C22,OI 








C20 



81, 

181 

CHANNEL 11 

5 

Cl, 








C20 



81, 

181 

CHANNEL 11 

6 

C22, 


(d) 






C20 



81, 

181 

CHANNEL 11 

7 

Cl, 








C22, 








C20 



81, 

181 

CHANNEL 11 

8-12 

C20 



81, 

181 

CHANNEL 11 

13 

Cl, 








C20 



81, 

181 

CHANNEL 11 

14 

Cl, 








C20 




DISPLAY 


KALCMANU ON ( ) 

IGN FNL YAW ON ( ) 
START UPDATE ON ( ) 
NO FNL YAW RQD ON ( 
S/C NONXL FLT ON ( 
N/A 

GIM CTL IMP ON ( ) 
N/A 

PFORCE CPLS ON ( ) 
ULLAGER ON ( ) 

MAX DB SLCT ON ( ) 
APS BURN ON ( ) 

N/A 

DAP ENABLED ON < ) 
N/A 

RATE HOLD ON ( ) 

N/A 

N/A 

COMPUTER 

UPLINK 

TEMP CAUTION ON ( ) 
KEY RELEASE ON ( ) 
N/A 

OPERATOR ERR ON ( ) 


N/A 

ENGINE ON ON ( ) 
ENGINE OFF ON ( ) 


* Refer to Table 624-200-2, 
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TABLE 624-200-1 (Continued) 


WORD 

WORD 

BIT(S 

B 

TA MANIPUL 

ATION 



NAME 

(13531 

Scale Factor 

§5333911 

DISPLAY 

81, 181 

CHANNEL 11 

15 

C20 

'caO 

• 

N/A 

82, 182 

CHANNEL 12 

1 

Cl, 



ZERO RR CDU ON ( ) 




C19, 






C2D 




82, 182 

CHANNEL 12 

2 

Cl, 



RR ER CTR ON ( ) 




C19 , 







C2D 




>2 t 182 

CHANNEL 12 

3 

Cl, 



HORIZ VEL ON ( ) 




C20 



82, 182 

CHANNEL 12 

4 

Cl, 



COARSE ALIGN ON ( ) 




C19 , 






C20 




00 

M 

H* 

s 

CHANNEL 12 

5 . 

Cl, 



ZERO ICDU ON ( ) 




C19 , 






C20 




82, 182 

CHANNEL 12 

6 

Cl, 

• 


ISS ERR CTR ON ( ) 




C19 , 



82, 182 



C2q 




CHANNEL 12 

7 

C20 



N/A 

CDU CONTROL ON ( ) 

82, 182 

CHANNEL 12 

8 

Cl, 






C19 , 






C20 


' 


82, 182 

CHANNEL 12 

9 

Cl, 



♦PITCH TRIM ON ( ) 




C20 



82, 182 

CHANNEL 12 

10 

Cl. 



-PITCH TRIM ON 1 ) 




C20 



82, 182 

CHANNEL 12 

11 

Cl. 



♦ROLL TRIM ON ( ) 




C20 



82, 182 

CHANNEL 12 

12 

Cl, 



-ROLL TRIM ON ( ) 







82, 182 

CHANNEL 12 

13 

ci, 

C20 



1HP062 CMD££f ) 

82, 182 

CHANNEL 12 

14 

Cl. 

C2® 



RR LOCKON ABLE ON ( ) 

82, 182 

CHANNEL 12 

15 

Cl, 



IBS TRNON COMP ON ( ) 




C20 




• 24 - 200.9 
? ¥ t 241 


* Refer to Table 624-200-2 











WORD WORD 

NUMBER NAME 


183 CHANNEL 13 
83, 183 CHANNEL 13 

83, 183 CHANNEL 13 
83, 183 CHANNEL 13 

83, 183 CHANNEL 13 

83, 183 CHANNEL 13 
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TABLE 624-200-1 (Continued) 




1-4 C2o 
6 Cl, 
C20 
6-9 C20* 

10 Cl, 
C20 

11 Cl, 

cap 

12-16 C 20- 


See Note ( )| 


N/A 

INHIB UPLINK ON ( ) 
N/A 

TEST ALARMS ON ( ) 
ABL LGC STBY ON ( ) 

N/A 


00 00 

184 

184 

CHANNEL 14 
CHANNEL 14 

1 

2 

C20 

Cl, 

84, 

184 

CHANNEL 14 

3 

C20 

Cl, 

84, 

184 

CHANNEL 14 

4 4 

C20 

Cl, 

84, 

184 

CHANNEL 14 

5-15 

C20 

C20 


N/A 

ALT RATE SEL ON ( ) 
ALT METER ACT ON ( ) 
THRUST DRV ON ( ) 

N/A 


85, 185 CHANNEL 30 
85, 185 CHANNEL 30 
85, 185 CHANNEL 30 
85, 185 CHANNEL 30 
»5, 185 CHANNEL 3P 
15, 185 CHANNEL 30 
15, 185 CHANNEL 30 


1 C2, 
C20 

2 C2, 
C20 

3 C2, 
C20 

4 C2, 
C20 

5 C2, 
C20 

6 C2, 
C20 

7 C2, 
C20 


ABORT-(ON) 

STAGE VERIF-(ON) 

ENGINE ARMED-(ON) 

ABORT STAGE —— (ON) 

AUTO THROT-(ON) 

DSP INRTL DATA-(ON) 

RR CDU FAIL-(ON) 


* Refer to Table 624-200-2. 


624-200.9 
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WORD 

NUMBER 

WORD 

NAME 

85, 185 
85, 185 

CHANNEL 30 
CHANNEL 30 

85, 185 

CHANNEL 30 

85 r 185 

CHANNEL 30 

85, 185 
85, 185 

CHANNEL 30 
CHANNEL 30 

85, 185 

CHANNEL 30 

85, 185 

CHANNEL 30 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 

86, 186 

CHANNEL 31 


♦Refer to Table 624-200-2 


TABLE 624-200-1 (Continued) 


BIT(S) 


10 


11 


12 , 

13 


14 


16 


10 


11 


12 


13 


14 


DATA MANIPULATION 


Code* (Scale Factor ISee Note ( ) 


€20 

C2, 

C23, 

C20 

C2, 

C20 

C2, 

C20 
C20,Ct 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2. 

C20 
C2, 

C2D 
C2, 

C20 
C2, 

C20 
C2 f 
C20 
C2, 

C20 
C2, 

C20 
C2, 

C20 
C2 f 
C20 
C2, 

C20 


DISPLAY 


IMU OPER- 


N/A 

—(ON) 


PGNCS CONT LM-(ON) 

IMU CAGE•'-(ON) 


ISS CDU FAIL—— -;(ON) 
IMU FAIL— (ON) 


ISS TRNON RQST-(ON) 

TEMP IN UM-(ON) 

+E LLPD/+PMI-(ON) 

-ELLPD/-PMI-—(ON) 

+YMI-(ON) 

•YMI--—(ON) 

+AZLPD/+RMI-(ON) 

-AZLPD/-RMI—^(ON) 

+X TRANS-(ON) 

-X TRANS-(ON) 

+Y TRANS-(ON) 

Y TRANS-(ON) 

+Z TRANS-(ON) 

-Z TRANS-(ON) 

ATTITUDE HOLD- —— • (ON) 
AUTO STAB-(ON) 


624-200.10 











charnel 3i 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 


CHANNEL 32 

CHANNEL 32 

CHANNEL 32 
CHANNEL 33 


88, 188 CHANNEL 33 
88, 188 CHANNEL 33 
88, 188 CHANNEL 33 
88, 188 CHANNEL 33 
88, 188 CHANNEL 33 
88, 188 CHANNEL 33 
~~ 188 CHANNEL 33 
188 CHANNEL 33 


8, 188 CHANNEL 33 


11 C2, 

C20 


ATT CONT DET-(ON) 

JETS 2-4 FAIL-(ON) 

JETS 5-8 FAIL-(ON) 

JETS 1-3 FAIL-(ON) 

JETS 5-7 FAIL-;ON) 


JETS 14-16 FL* 


JETS 13-15 FL— -(ON) 

JETS 9-12 FL-(ON) 

JETS 10-11 FL-(ON) 

GIMB OFF—(ON) 

TAPP GIMB FAIL-(ON) 

N/A 

N/A 

RR ON/AUTO-(ON) 

RR RANGE LO-SC—(ON) 

RR DATA GOOD--(ON) 

LR ALT D OK-(ON) 

LR POS 1-<ON) 

LR POS 2-(ON) 


LR VELD OK* 


LR ALT LO-SC-|ON) 

BLOCK UPLINK-(ON) 

UPLINK FAST-(ON) 


* Refer to Table 624-200-2. 
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TABLE 624-200-1 (Continued) 


WORD 

WORD 

BIT(S) 



NUMBER 

NAME 

Code* 

Scale Factor 

See Note ( ) 

DISPLAY 

88, 188 

CHANNEL 33 

12 

C20 



N/A 

88, 188 

CHANNEL 33 

13 

C2, 


# 

PIPA FAIL-(ON) 




C20 




88, 188 

CHANNEL 33 

14 

C2, 



LGC WARNING-(ON) 




C20 




88, 188 

CHANNEL 33 

15 

C2, 



08C ALARM-*—-(ON) 




C20 




80, 189 

DSPTAB+0 

1-15 

N/A 



N/A 

90, 190 

DSPTAB +1 

1-15 

N/A 



N/A 

91, 191 

DSPTAB +2 

1-15 

N/A 



N/A 

92, 192 

DSPTAB +3 

1-15 

N/A 



N/A 

93, 193 

DSPTAB +4 • 

1-16 

N/A 



N/A 

94, 194 

DSPTAB +5 

1-15 

N/A 



N/A 

95, 195 

DSPTAB +6 

1-15 

N/A 



N/A 

96, 196 

DSPTAB +7 

1-15 

N/A 



N/A 

97, 197 

DSPTAB +8D 

1-15 

N/A 



N/A 

98, 198 

DSPTAB +9D 

1-15 

N/A 



N/A 

99, 199 

DSPTAB +10D 

1-16 

N/A 



N/A 

100, 200 

DSPTAB +11D 

1-3 

C20 



N/A 

100, 200 

DSPTAB +11D 

4 

Cl, 



NO ATTITUDE ON ( ) 

, 



C20 




100, 200 

DSPTAB +11D 

5 

C20 


. 

N/A 

100, 200 

DSPTAB +11D 

6 

Cl, 



GIMBAL LOCK ON ( ) 




C24 







C20 




100, 200 

DSPTAB +11D 

7 

C20 



N/A 

100, 200 

DSPTAB +11D 

8 

Cl, 



TRACKER FAIL--ON ( ) 




C20 



., 

100, 200 

DSPTAB +11D 

9 

Cl, 



PROGRAM ALM-ON ( ) 




C20 




100, 200 

DSPTAB +11D 

10-15 

C20 



N/A 

101 

TIME 2 (MSB) 

1-15 

C4 


r 

LGC TIME XXXX HR XX MIN XX.XXSEC 

102 

TIME 1 (LSB) 

1-15 

C5.C9 


1 





C17, - 


j 





C20 

1 

l 



• Refer to Table 624-200-2, 624-200. 11 
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TABLE 624-200-1 (Continued) 


WORD 

NUMBER 

WORD 

NAME 

BIT(S) 

■1 

nm 

RATION 

DISPLAY 

Code* 

Scale Factor 

See Note ( ] 

103 

COMPTORK 

1-15 

C4, 


• 

fCOMPTORK ±XXXXX 

104 

COMPTORK +1 

1-15 

C18.C5 

1/2 7 


L 

105 

COMPTORK +2 

1-15 

C4, , 




106 

COMPTORK +3 

1-15 

C18.C5 

1/2* 


^ iXXXXX 

107 

COMPTORK +4 

1-15 

C4, , 



, iXXXXXGPLS 

108 

COMPTORK +5 

1-15 

C18,C5 

1/2* 



109 

FAILREG 

1-15 

N/A 



N/A 

110 

FAIL REG +1 

1-15 

N/A 



N/A 

111 

FAILREG +2 

1-15 

N/A 



N/A 

112 

ALMCADR 

1-15 

N/A 



N/A 

113 

ALMCADR +1 

1-15 

N/A 



N/A 

114 

ERCOUNT 

1-15 

N/A 



N/A 

115 

PIPA X 

1-15 

C7 



PIPA CTR ±XXXXX 

116 

PIPA Y 

1-15 

C7 



iXXXXX 

117 

PIPA Z 

1-15 

C7 



4XXXXX 

118 







119 

STATE +4 

1-4* 

C29 



N/A 

119 

STATE +4 

5 

Cl. 



IGN DELAY ON ( ) 




C20 * 




119 

STATE +4 

6 

Cl. 



RCO NOT CNTRLD ON ( ) 




C20 




119 

STATE +4 

7 

Cl, 



EXT TRGT SETUP ON ( ) 




C20 




119 

STATE +4 

8 

Cl, 



LAMB TRGT ON ( ) 




C20 




119 

STATE +4 

9 

Cl, 



TGOEST ON ( ) 




C20 




119 

STATE +4 

10 

C2if 



N/A 

119 

STATE +4 

11 

Cl, 



TRF ANG GT 180 ON ( ) 




C20 




119 

STATE +4 

12 

Cl, 



GUESS AVAIL ON ( ) 




C20 




119 

STATE +4 

13 

Cl, 



1st LAMB I ON ( ) 




C20 




119 

STATE +4 

14 

Cl, 



LAMB COMP ON< ) 




C2d 




119 

STATE +4 

15 

Cl, 



LAMB RTN NCON ON ( ) 




C20 




120 








* Refer to Table 624-200-2. 


624-200.13 










WORD 

WORD 

BIT(S) 


NUMBER 

NAME 

Code* 

IScale Factor 1 

1 See Note ( V 


DISPLAY 


SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

LMPCMD 

LMPCMD +1 

LMPCMD +2 

LMPCMD +3 

LMPCMD +4 

LMPCMD +5 

LMPCMD +6 

LMPCMD +7 

LMPIN 

LMPOUT 

SPARE 

SPARE 

MISSION PHASE 
REG 4 

MISSION PHASE 
REG 3 

MISSION PHASE 
REG 2 

MISSION PHASE 
REG 1 

MISSION TIME REG 

4 

MISSION TIME 
REG 3 

MISSION TIME 
REG 2 

MISSION TIME 
REG 1 
PHASE NUM 


C3 

1 

(a) 

LMP XXX 

C3 

1 

. (a) 

XXX 

C3 


(a) 

XXX 

C3 

1 

(a) 

XXX 

C3 

1 

(a) 

XXX 

C3 


(a) 

XXX 

C3 

1 

(a) 

XXX 

C3 

1 

(a) 

XXX 

C3 

1 

(c) 

LMP IN X 

C3 

1 

<c> 

LMP OUT X 

C3 

1 

0>) 

MPHASE XX 

C3 

1 ' 

(b) 

XX 

C3 

1 

(b) 

XX 

C3 

1 

0>) 

XX 


1-15 C3 


1-15 I C3 


MPTIME XXXXX 


XXXXXSEC 


PHASE NUM XX 


1/PIPADT 


1-15 N/A 


TIME TO GO MSB 
TIME TO GO LSB 
BURN DATA 


1-15 C4 
1-15 C5.C9 
1-15 N/A 


^ TTGOXXXX HR XX MIN XX.XX SEC 
N/A 


624-200.14 
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* Refer to Table 624-200-2, 
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TABLE 624-200-1 (Continued) 


WORD WORD 

NUMBER NAME 



BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 


BIT(S) 


1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 



DISPLAY 


N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 



* Refer to Table 624-200-2, 


624-200.15 
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TABLE 624-200-2 


1---- 

GENERAL NAME 

[■BB55PI 

DESCRIPTION 

EVENTS 

Cl 

Any of the 15 bits can be used to represent an 
event, with 1 - ON, 0 - BLANK. 

REVERSE EVENTS 

C2 

Same as above, with 0 - ON, 1 ■ BLANK. 

SINGLE PRECISION 

C3 

The 15-bits are converted to decimal and multi¬ 
plied by a scale factor. 

STORE MSB's 

C4 

The current 15 bits are stored to be combined 
with next set of 15 bits. 

DOUBLE PRECISION 

C6 

Two consecutive words are combined into a 
double precision word, converted to decimal, 
and multiplied by a scale factor. 

OCTAL CONVERSION 

< 

C6 

A 15-bit word is converted to a 5 digit octal 
number. 

DECIMAL CONVERSION 

C7 

A 14-bit number, with sign (15 bits) is con¬ 
verted to a decimal number. 

G/N TIME 

C9 

A double precision word is converted to hours, 
minutes and seconds, XXXX HR XX MIN XX. XX 
SEC. The value of the LSB is 10 milliseconds. 

WORD 78 and 178 

C21 

Bit 3 is saved for G/N 631, then the word 
processed as a regular event word. 

WORD 100 and 200 

C24 

Bit 6 is saved for G/N 631, then the word 
processed as a regular event. 

WORD 81 and 181 

C22 

Bit 6 is saved for G/N 632 and 622. Bit 2 is 
checked, if ’’l” then word "COMPUTER" is 
output, if "0" then blanks are output. Bit 3 is 
checked, and handled same as bit 2, with 
"UPLINK" replacing "COMPUTER". Bit 6 is 
also used to "blink" the VERB-NOUN display if 
"1", or to remove blink code if "0". Bit 7 is 
saved for G/N 631. The word is then processed 
as a regular event. 


624-200. 16 
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TABLE 624-200-2 (Continued) 


GENERAL NAME 

SUGGESTED 

CODE 

DESCRIPTION 

WORD 85 and 185 

C23 

Bit 9 is saved for G/N 631, then processed as a 
regular event. 

WORD 101 and 102 

C17 

Store values for G&N 602, 

WORD 103-108 

C18 

If the decimal number is greater than or equal to 
±99999, display ±99999. If it is less than 99999, 
display the number. 

WORD 82 and 182 

C19 

These bits must also be displayed as follows: 

ISS MODE Xg Xg Xg Xg Xg Xj where X„ Is a "0 M 
or "l*' for the bit indicated by the subscript. 

FILE CODE 

C20 

File with time tag. 
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Notes: 

a. The resulting decimal numbers will not exceed 3 digits for worth 27 thru 
34 and 127 thru 134. 

b. The resulting decimal numbers 
142 and word 147. 

e. The resulting decimal numbers 
and 136. 

d. Flash verb numbers and noun numbers. 


will not exceed 2 digits for words 139 thru 
will not exceed l digit for words 36, 36. 135, 



Title: 

Part Of: 

Purpose: 

Calling Sequence: 

Data Inputs: 
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K-START Module Program G&N 631 


Uplink Program 


This subprogram accepts data input in the form of GC 
keycodes from the punched tape reader or the keyboard, 
via the K-START module. These keycodes are checked for 
correct parity and valid codes and then formatted into a 
command word for eventual transmission to the External 
DTCS. The status of the Uplink system and the GC is 
monitored, and the Uplink command sequence is controlled, 
to the acceptable input rate of the GC. 

Entry: This subprogram operates under Uplink Executive 
Program control and will be initiated from K-START module. 

Normal Exit: Return to Uplink Executive Program 

Error Exit: Error conditions will be displayed for the 
operator on the CRT and recorded on the Command Tape. 
Those error conditions are subsequently described in Table 
631-1. 


1) The data content utilized by this subprogram consists of 
a five bit Keycode plus a parity level. The input consists of 
information received either from K-Start punched tape 
(Automatic Mode) or from the K-Start Keyboard (Manual Mode). 

2) Keycode delay factor of XXX milliseconds entered via 
C-Start. The format for this input is specified in the PRPS on 
PRD. 


4-631.1 


S52 



APOLLO G&N Specification 
ND1002319 REV C 


Computation Sequence; 

This subprogram is initialized upon operator action by 
means of the K-START module, either in manual or auto¬ 
matic modes. A five bit keycode (see Table 631-2) as pre¬ 
viously mentioned is generated by internal logic upon 
depression of a keyboard switch or by punched tape input 
via the tape reader. A transfer to G&N 632 takes place 
if an R-START module execute is detected. 


The format of the paper tape entry is shown below. 


1 • 

LSB 

/ Q 


) 0 


l 0 


€ 

MSB 

• 

Sprocket 

Q 

Stop 

0 

Skip 

© 

Parity 


5-Bit 

Keycode 


During keyboard entry, the stop and skip positions will contain 
zeroes and the parity bit is generated internally upon depres¬ 
sion of the keyboard switch. 

Once a keycode is received by G&N 631, no other data is 
allowed into this subroutine until so commanded, to ensure 
that the GC receives Uplink commands at the correct 
transmission frequency. The keycode is checked with the 
parity bit to assure that odd parity exists. In the event of a 
parity error, a CRT display occurs, combined with the 
non-verify lamp display to inhibit further entry through 
the K-START module. A normal Command Tape recording 
occurs for post test analysis. If parity is odd, a check is made 
on the validity of the received keycode, by means of table 
look-up. A CRT display occurs with a "non-verify" light to 
indicate an invalid keycode and to inhibit further commands. 

A normal Command Tape recording occurs for post test analysis. 

A valid keycode is then transformed into a 16-bit GC Uplink 
Word format and combined with the DTCS G&N buffer address 
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and required control bits as shown below. 

G&N UPLINK WORD FORMAT 


■ XXXXX XXXXX X x 2 ° X 

Buffer BitT 15-Bit Command C “^° 1 

Code 

Prior to transmittal of a'sequence of command words, a 
sequence of tests are made on the incoming keycodes to de- 
termine if the command sequence contains a V36. If so, 
two GC discretes are monitored, namely the "Gimbai Lock" 
and the IMU Operate". If both discretes are set to a "one" 
state, then a non-verify" display will occur on the K-START 
and the next Keycode will not be transmitted Uplink. 

Another discrete is monitored, the "Operator Error" flashing 
discrete (Channel 11, bit 7). An error status will cause this 
subprogram to terminate the processing of GC commands 
by inhibiting further K-START data entry with a "non-verify" 
signal. A normal system recording will occur on the command 
tape as specified in Table 631-1. 


q23 


The final discrete tested is GC word UPLOCK, bit 1. A 
one state will result in a test for an "alarm reset" keycode. 
If this code is available, then two commands will be trans¬ 
mitted at the correct frequency. The first command will zero 
the GC Uplink register and the second, namely, the "reset" 
keycode will possibly reset the alarm indication triggered 
bv UPLOCK, bit 1. The "zero" state for this discrete, will 
allow the subprogram to continue and transmit the commands 
to the GC with subsequent recordings on the command tape. 

The K-START module is sealed after receipt of a keycode, 
to allow the correct transmission frequency to the GC to be 
utilized. The sealing can occur as soon as a "good" CSR is 
received from the DTCS, after which a time delay 
is utilized to give an approximate m axim um input rate to the 
GC of six keycodes /sec. 

A //bad" CSR response should cause the K-START to display 
a non-verify and subsequently be unsealed, to allow further 
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Operator Action: 




operator action to be taken. It should be noted at this point, 
that as the state of the above mentioned discretes can change 
at a maximum of only once every second, approximately eight 
commands could be transmitted Uplink before repeating discrete 
testing. Figure 631-1 is given as a representative flow, to 
convey the intent of the subprogram operation. 

During the processing of the input keycodes a test is made to 
determine whether the range time since "Sealing" the K-START 
module is greater than or equal te the time delay factor entered 
via C-START. . If so, the verify indication is displayed and 
the subprogram then transfers control to the Uplink Executive 
program. If not, the module remains "Sealed" to inhibit further 
input through the K-START module until the time delay has elapsed. 
This regulates the input rate of keycodes to the GC. A nmnin«^ 
time delay factor is 90 milliseconds. 

Console Operator: Operator action is required to initi ate thia 
sub-program by entering data via the K-START module keyboard 
or tape reader. 


When a NON-VERIFY display occurs, further character entry 
is allowed after depression of the NON-VERIFY switch. 


For tape mode of operation enter 3100000XXX into C-START. 
XXX is the time delay factor in milliseconds. 


The operators responsibility includes the monitoring 
of displays and the initiation of procedures based upon 
the display interpretation. Normally the status of the 
Accept Uplink discrete was processed by the K-START 
modide subprogram (G&N 631) prior to transmission of 
data Uplink. However, this discrete is now permanently 
wired to give a display of "Accept Uplink On*, therefore 
no testing of this bit by this subprogram (G&N 631) takes 
place. If the Operator Error On" condition appears, this 
subprogram will inhibit data transfer through the K-START 
wit V,P on " verif y* The operator will reset this 'Vion- 
verify switch and insert a "reset" keycode to clear the 
Operator Error display. Then correct the illegal data 
sequence and re-enter through the K-START. 
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An /UPLOCK bit *" display will again inhibit data transfer 
through the K-START. The operator will reset the "non- 
verify and insert a "reset" keycode to clear the discrete. 

The subprogram will then transmit a "zero" message 
the "reset" keycode. This may reset the 
UFLOCK discrete and the operator can continue his 
interrupted sequence of commands by re-inserting the 
previous keycode. 

Two other conditions cause this subprogram to inhibit data 
input through the K-START, they are a parity error and an 
invalid keycode. The operator will release the non-verify 
and apply corrective hieasures to the input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Enter" sequence after moni¬ 
toring the "Gimbal Lock" and "IMU Operate" discrete displays. 

Commands inserted via the keyboard will be verified by 
means of the "closed loop" display, which depicts the GC 
DSKY status on the CRT, prior to depression of the "Enter" 
keycodes. The punched tape input, if visual verification is 
desired, should contain strategically located "stop" codes 
in the Verb/Noun and parameter sequences, to allow the 
operator time to perform verification. 

Spacecraft Operator: No activity required. 


Uplink Requirements: DTCS Transmission: The data word transmitted to the G&N 
buffer is identified in the Computation Sequence and will be 
generated as required. 

DTCS Stimuli: None 

Transmission Time: During GAN testing this will be specified 
in the Operational Checkout Procedure. All other times will be 
as required. 

Filing: 1) All K-START command information will be recorded 
on the command tape. 

2) Additional recordings for error conditions and discrete 
inhibits are specified in Table 631-1. 
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Downlink Requirements: 

CRT Displays: 


1* The time delay factor in XXX milliseconds and the 
appropriate nomenclature. 


2. Program error displays as specified in Table 631-1. 


The Program Requirements Process Specification contains 
the CRT page and line Information. 

Remarks: __ 

Definition of Flow Chart Symbols 

Symbol 

Definition 

KEYWORD 

Contains current keycode to be processed* 

ZERCODE ' 

Uplink command to zero the LGC Inlink 
register for resync purposes. 

UPCOM 

Contains command word content. 

Channel 30 
Channel 11 

UPLOCK 
DSPTAB+11 

GC Discrete registers, processed by 
G&N 624A, 624B, or 224A. 
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Table 631-1 


CRT Error Display Definition 


Error or Discrete 

CRT 

Display 

K-START * 
Module Display 

Command Tape 
Edit 

Odd parity does not exist 
in the data frame received 
from K-START module. 

PARERR 1 

Non-Verify 

631, PARERR 1, 
Time Ref. 

An invalid GC keycode has 
been received by this sub¬ 
program. 

KEYERR 1 

Non-Verify 

631, KEYERR 1. 
Time Ref. 

An illegal entry of a V36E 
has oc cured. 

KEYERR 2 

Non-Verify 

631. KEYERR 2, 
Time Ref. 


This indicates that an incorrect OPERATOR Non-Verify 631, Op. Error, 
keycode loading procedure has ERROR ON* Time Ref. 

occured and entry through the 
K-START is inhibited. 


tePlayS ar<! S6t by ° &N * 24A "« 24 ?ACS-«/C Downlink elation 
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Table 631-2 

■Legal AGC/T.GC Kevcnrt.. 


Character 


Code 


0 

MSB LSB 
10000 

1 

00001 

2 

00010 

3 

00011 

4 

00100 

5 

00101 

6 , 

00110 

7 

00111 

8‘ ' ' 

01000 

9 

01001 

VERB 

10001 

RESET 

10010 

2Y RELEASE 

11001 

PLUS 

11010 

MINUS 

11011 

ENTER 

11100 

CLEAR 

11110 

NOUN 

11111 
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Title: 
Part Of : 
Purpose: 


Calling Sequence: 




Special K-Start Load-Verify and Verify Program G*N 632 


Uplink Program 

This program is used to check and verify or record the contents 
of GC erasable memory locations. All data to be verified or 
recorded is specified on pre-punched K-Start input tapes. 

Two options have been provided for verification or recording. 
Selection of these options is attained through activation of 
R-Start Module function switches and K-Start. 

Entry: This program is activated only by the K-Start Module 
Program (G&N 631), whenever it in turn has been activated 
and also if the R-Start Module specified in the PRPS or PRD 
has been executed. Function switches of this R-Start Module 
specify one of two options used by G&N 632. These are: 

1. Load-Verify - Activation of the specified R-Start Module 
function switch causes G&N 632 to verify that the data 
being loaded into erasable GC memory locations is 
identical to the data stored on the K-Start input tape. 

2. Verify - Activation of the specified R-Start Module function 
switch causes G&N 632 to check and verify that the contents 
of previously loaded and verified GC erasable memory 
locations have not been altered by internal GC functions or 
external input means. 

Data: This consists of information received from punched 
K-Start tapes. The data content utilized by this subprogram 
consists of five bit keycodes plus a parity level. 

Normal Exit: 

1. Return to G&N 631 whenever keycodes are to be checked 
for validity and parity and then transmitted to the GC 

2. Return to Uplink Executive Program when a complete 
Special K-Start tape sequence has been processed by 
G&N 632 and 631. 

Error Exit: Error conditions will be displayed on the 
CRT for operation action. 
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Computatio n Sequence; Activation of this program is attained via the K-Start Module 
Program, G&N 631 following operator action on the specified 
R-Start Module and K-Start Module. Execution of the R-Start 
must occur before K-Start action. The K-Start execute causes 
the ACE Executive to activate G&N 631 which in turn activates 
and maintains close interface with G&N 632 provided R-Start 
Module execution is sensed by G&N 631. If G&N 631 does not 
detect execution of this R-Start it then treats the K-Start input 
tape in a normal fashion. The paragraphs below represent a 
description of the logic contained in the flow diagram shown in 
Figure 632-1. 

Upon entry from G&N 631 various counters and indicators 
are set to specific values depending on which function switch 
of the R-Start Module has been executed. G&N 632 then reads 
the Rl key code characters into the CDC and seals the K-Start 
Module. These keycode characters represent the initial VERB- 
NOUN sequence to be transmitted Uplink. 

The format of this "record" is checked for validity. This 
j should be 18 keycode characters for the Load-Verify and 
Verify tape (the tape format defined in Table 632-1.) Format 
non-verification results in a CRT error display, K-Start 
* Module release and program control return to ACE Executive. 

If the Verify option has been selected, the one component load 
Verb-Noun is changed to one component display Verb-Noun " 

1 (V21N01 to V01N01). 


u 66 " transmltted u P llnk . “>e Flash discrete is 
obtained from the G&N 622 buffer. A test is made on the Flash 

“" 1 " (flashln ®' G&N 632 delays until the next 
DSPTAB table is displayed by G&N 622 and repeats the 
F ash test A third failure In this area should cause an 

Executive* WUh * CRT * nr ° r di8play and a return to ACE 
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K the *Flash discrete is "0" (stop flashing)^ the program 
delays until the next DSPTAB table is processed by G&N 622 
and obtains the Rl, R3, VERB and NOUN values. This delay 
is to assure G&N 632 that all pertinent GC DSPTAB updated 
data has been received by the Display Program. Following 
this delay the Verb-Noun combination for the particular tape 
option in progress is checked for validity, the input address 
is compared against the contents of R3 and the input constant 
is compared against the contents of Rl. Any invalid test results 
in an error exit as specified above.. 

Following valid testing; G&N 632 releases the K-Start seal, 
reads one keycode character and checks this code for Key- 
release. Detection of the Key-release code will result in 
K-Start module seal and an exit to G&N 631 for Uplink 
transmission of the Key-release Keycode. When re-entered 
from G&N 631, the K-Start module is un-sealed, KSEQ 
OK' is displayed on the CRT and G&N 632 returns control 
to the ACE executive. If, however, the first code of the 
record is not Key-release. G&N 632 reads R2-1 keycode 
characters into the CDC and seals the K-Start Module. These 
keycode characters represent interim "records" of keycode 
data necessary for the proper operation of the one parameter 
Load or Display Verb-Noun combination in the GC. The 
format of each "record" is tested for validity. An improper 
format results in an error exit as previously specified. With 
a legal record the program sets up a loop, based on the 
K2 value, for Uplink Keycode transmission via G&N 631. 


Following successful Keycode transmission G&N 632 
obtains pertinent data from the G&N#622 buffer and repeats 
a sequence of testing as specified above. 


Operator Action : Console Operator: To activate G&N 632, the R-Start Module 

specified in the PRPS or PRD must be executed. Two options 
are available: 

1. One function switch selects the Load-Verify option. 

2. The other selects the Verify option. 

In addition to the R-Start execute, the K-Start Module must also 
be activated. 

The operator's responsibility also Includes the monitoring 
of displays and the Initiation of procedures based upon the 
display interpretation. Before initiating action to process 
^ * Special K-Start tape via G&N 632,the console operator 

should check and perform the following operations: 


4-632.3 

tot 



APOLLO GSM Specification 
ND1002319 REV C 


1. Depress the NON-VERIFY switch if the non-'verify 
light is on. 

2. Check the CRT status of: 

Operator Error discrete for "ON” 


If any of these conditions exist. Uplink transmission will 
be inhibited by G & N 631. Recovery Procedures for these 
conditions are specified in the "K-Start Module Program 
GAN 631" Computation sequence section. 

After verifying that the above conditions have been fulfilled 
the operator may initiate processing of the Special K-Start 
tape as prescribed. CRT monitoring should continue during 
G fit N 632 K-START tape processing. Illumination of the 
NON-VERIFY light will result in the discontinuation of the 
Special K-Start tape processing. When this occurs, the con¬ 
sole operator should record the indicated error in order to 
initiate corrective procedures. The error displayed will be 
one of the following: 

1* VERROR 1 through VERROR 5 indicates error detection 
in G AN 632 (See Table 632-2 for definitions.) 

2. PARERR 1, KEYERR 1, or Operator Error "ON” 
indipate error detection in G&N 631. 


An error free K-Start tape sequence will result in the CRT 
display of KSEQ 'OK 1 . 

VERROR Recovery Procedures 

One of three operator actions must b e taken if G AN 632 detects an error 
(VERROR type). 

L Re-cycle : This allows a re-run of the present K-Start 
tape sequence. 

a. Re-load K-Start tape to Verb character* 

b. Re-initiate K-Start action* 

2. Co ntinue: This allows tape operation to oontinue from 
point of error. 
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3. Abort : TTiis terminates processing of the present K-Start 
tape sequence. 

a. Manually insert 'ERROR-RESET' to allow GAN 
632 to "unseal" the R-Start module. 


Spacecraft Operator: 


No activity required. 
Uplink Requirements: * 

DTCS Transmission: 


The word transmitted Uplink is identified in the Computation 
Sequence section of G A N 631. 


DTCS Simuli: 


None. 

Transmission Time: 

As required. 

Filing: 

All K-Start command information will be recorded on the 
command .tape by G A N 631. 

Downlink Requirements: 

CRT Display; 


This information is detailed in the program flow chart and 
consists of KSEQ 'OK* if no errors occur or program error 
displays if any are detected by either GAN 632 or GAN 
631. If this test is aborted by means of the "ERROR-RESET" 
code. KSEQ 'NG' will be displayed on the CRT. Error displays 
are defined in Table 632-2. The ACE Requirements 

Specification contains the CRT scope page and line information. 
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Remarks: 


A definition of terms used in this subprogram is as follows: 


s 


1. Flag 

2. K1 

3. K2 

4. R1 

5. R2 


Program indicator specifying one of three program options. 

Counter which specifies the number of keycodes to be 
initially transmitted to the GC. 


Counter which specifies the number of keycodes to be 
transmitted to the GC after initial transmission. 


Counter which specifies the number of keycode characters 
to be initially read and processed. 


Counter which specifies the number of keycode characters 
to be read and processed after the initial "record". 


6. KEYWORD Register containing 8 bit keycode for G & N 631 processing. 

7. VERROR Indicator set by G & N 632 whenever errors are encountered. 

(See Table 632-2.) 


8. KSEQ 'CRT Indicator set to display 'OK' if a complete Verb-Noun 

sequence is verified error free. Set to 'NG' if test is aborted 
due to error detection. Entry to G & N 632 blanks 'NG' or 
/OK*. / « 


9. BLKCNT Value specifies K-Start data block being processed when 

G & N 632 detects an error. Part of Uplink command tape 
recording. 

10. WDCNT Value specifies last tape input character which was detected 
as an error by G & N 632. This word count is used in con¬ 
junction with the Block Count value. Part of Uplink command 
tape recording. 


4-632.6 



APOLLO G&N Specification 
ND1002319 REV C 


Table 632-1 


TAPE FORMATS 


Load-Verify and Verify Tape 


• HEADER 


Verb 21 Noun 01 ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 

. ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 


„ ENTER 

4 octal digit address ENTER 

5 octal digit constant ENTER 

STOP KEYRELEASE 
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Table 632-2 


C RT ERROR DISPLAY DEFINITION FOR GfcN 63 2 


Error 

CRT 

Display 

K-Start 

Module 

Display 

Improperly formatted 
K-Start tape. 

VERRORl 

Non-Verify 

Flash discrete *ON*. 

Load or display Verb- 
Noun address and/or 
data values not accepted 
by GC. , 

VERROR 2 

Non-Verify 

DSPTAB yerb-Noun % 

not same as input 

Verb-Noun* 

VERROR 3 

Non-Verify 

DSPTAB address (R3) 
does not verify with 
input address. 

VERROR 4 

Non-Verify 

DSPTAB constant (Rl) 
does not verify with 
input constant. 

VERROR 5 

Non-Verify 
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G&N High Rate Channel Control Program GW 641 
Communication Program 


This program controls the switching of selected signals 
for transmission over the 400 sample/second high rate 
sampling channel. 


Entry: This program will operate under Executive Con¬ 
trol and will be initiated from the C-START module 
specified in the PRPS or PRD. 

Data: C-START Module data entry - Window ten (10), 
eight (8) and seven (7) are set to desired characters. 

Normal Exit: Return to Executive Control 

Error Exit: None required 


Computation Sequence : 

This program is entered from the Executive Program 
I when requested by the C-START module. Selector ;i 
switches eight (8) and seven (7), are utilized for high rate 
channel selection, while selector switch ten (10) 

(leftmost selector switch) will be utilized for program 
identification. Selector switch ten (10) will be tested, 
and when found to contain the digit two (2), will cause* 
entry into the high rate channel select program. Selector 
switches eight (8) and seven (7) will be tested to determine 
which measurement, if any, is being requested. If the 
code contained in windows eight (8) and seven (7) exceeds 
the limits of the matrix (i. e. greater than 32 decimal) 
the program exits to Executive Control. If the code is 
a valid code, the program tests to determine if the code 
is the same as tne code for the measurement presently dis¬ 
played. In the event that the selection has not changed, the 


Title: 

Part Of: 

Purpose: 

Calling Sequence; 
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Operator Action ? 


® electi ; on Command is ignored and control is returned 

eishi (8> Xe n? Pr ° g 1 r f m * " the code Gained in windows 
eight (8) and seven (7) is a code for a new measurement 

the program will then cause the computer to generate the 
commands necessary to remove the previously selected 
8 gn “ 1 * rol “ the matrix and by energizing one or more of the 
ten high rate control relays in the DTCS. cause the new 
signal to be switched onto the 400 S/S channel. The relay 
assignments will be specified in GAEC or NAA Program Require¬ 
ments Specification. Figure 641-1 is a representative flow 
diagram of this subprogram. 

5 0 ^ SO it?f erator action U required to initiate this program 
by C-START selection of the high rate signals. The sequence 
is as follows: 


a. The desired program identification digit 
(2) is entered into selector switch ten (10). 

b. The desired measurement identification digits 
• are entered into selector switches eight (8) and 

seven (7). 

c. The XEQ/SEAL Switch is depressed. 
Spacecraft Operator; R 0 activity required. 


GC Transmission: None 
Time of Transmission: Not defined 
Filing Requirements: Measurement ID, time tag 
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Downlink Requirements : 

Measurement ID: The Measurement ID and description is 
contained in the PRPS or PRD. NOTE: The measurement 
description is NOT displayed on CRT. 

CRT Display: The following CRT display is required "High 
Rate Meas. XXX X", where X X X X refers to the 
. NASA measurement number of the particular measurement 
selected. The measurement number portion of the CRT dis¬ 
play for channels with no assigned measurements shall be "XXOOMN" 
where M and N are the numbers from C-START windows 8 and 7. 

Filing Requirements: None 


Remarks: The high rate measurements are sampled 400 samples 

per second, spaced symmetrically in the telemetry for¬ 
mat, by the analog gates in the PCM carry-on system. 
The time duration over which the measurement is re- 
, corded on the analog recorder is determined by the 
operator, 

« The required high rate channel information for any given 
vehicle will be defined by AC in the Programming Require¬ 
ments issued in a GAEC or NAA process specification. 


Providing an ACE program that will enable switching of all 
32 channels will permit further expansion of the list of high 
rate signals without the need to reprogram the ACE computer. 
Suitable limit checks on the number of measurements avail¬ 
able, perhaps supplied as a card input to the ACE program, 
would prohibit calling up an unused channel. 
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Title: 
Part Of: 
Purpose: 


Special IMU Processing G&N 652 
Communication Program 

This program converts the IMU IX gimbal resolver sin and cos 
PCM values to degrees for display on the CRT. This subprogram 
specification is identical to the* specification for G&N 152A 
(See 4-152AiI) 
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ACE-S/C Error Reset Program g&N 671 
Downlink Program 

This subprogram resets the error displays on the CRT display 
unit to give a "no error" indication for the ACE-S/C subprograms 
utilized with the LEM Block IT G&N System. 

Entry: this subprogram operates under executive control and 
is initiated from the R-START Module specified in the PRPS or 
PRD. 

Exit: Return to Downlink Executive Program after error displays 
are reset. 

Co mputation Sequence : The error displays reset by this subprogram are listed below. 

along with the ACE-S/C subprogram that generates them during 
its operation. The CRT page and line location for each error 
display is detailed in the Program Requirements Process 
Specification. 

Error Indication G&N Program Number 

, TIME ERROR j[l) 

1 TIME ERROR (2, 4) 

TIME ERROR (3) 

SYNCERR (1, 2) 

WORDERR (1, 2. 3. 4. 5. 6) 

RELERR 
PARERR (1) 

KEYERR (1) 

VERRQR a, 2. 3. 4. 51 
FSERR (1) 


601 

602 

603 

621 or 221 

622 

631 

632 
681 


Title: 

Part Of: 

Purpose : 

Calling Sequence : 


consists of a variable segment (under- 
h , 1 “J? 16 type of error condition occuring 

m»nt P ^H Ula f ACE ' S / C subprogram, and a fixed title seg- 

blank oirt init ? a i! d b y the operator, this subprogram will 
blank out the variable segments of the error displays. 
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Operator Action: Console Operator: Operator action is required to initiate 

this subprogram via the R-START module. 

Spacecraft Operator: Nq 


Uplink Requirements: ’ 


The ACE-S/C Uplink system is not utilized. 


Downlink Requirements: 

PCM data processing is not required by this subprogram. 
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Title : 
Part Of : 
Purpose: 


PIPA Switching and Stabilization Loop Response Test G6N 681 
Uplink Program 

This subprogram provides step inputs to the IRIG stabilization 
loop, for the servo loop resppnse test and enables display of 
the PIPA signal generator outputs. This subprogram specifi¬ 
cation is identical to the specification for GfcN 181. 

(See 4-181.1). 
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WORD 4 8 7 3 54 32 1 

WORD 5 P X X X X XX X 

Where WOC - Word order code (1-bit) 

P • Parity (LGC word has odd parity) ^ 

X * Not used 

The ID block should normally appear once every 100 prime 
frames and contains a zero WOC, two LGC 16-bit words including 
parity bits (P) and seven unused bit positions (X). LGC word 1 
contains the data list address in bit positions 15-1 - 

and parity (P) in bit position zero* LGC . : r 

Word 2 contains a fixed bit pattern sync word (00437) g in bit posi¬ 
tions 1-15 and Parity (P) in bit position zero. LGC Word 1 
precedes LGC Word 2 in the data block transmission. The word 
order code (WOC) bit contains a 0 for all LGC ID blocks. An e x a mp le 
block and word formats is shown below. , 



The following ID groups shall be accepted as valid: ; c^o ?*' . , t i/ic 

• Downllat No. . (ID Wordl a . ’ ‘ s (SYNC Word) a >> Table No. 

I O.- -•’•v-A ;>r , 00354 , 0p4d7 u ,^, si , f> ,. h he 6?l-200-l it , f „ 

The data blocks (normally 99 between ID blocks) contain a WOC, two LGC u 4 ^ ‘ f ~ '* 

16-bit words including parity bits (P) and seven unused bit positions (X). 

LGC Word 1 precedes LGC Word 2 in the data block transmission. Hie word order code 
(WOC) bit contains a 1 for all LGC Data Blocks. The block and word formats are specified 
as follows: 

621-200.2 
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TABLE 621-200-1 
- ; DOWN LIST NO. 1 ». ' " 


BLOCK 

WRD 

CNT 

LGC WRD 1 

WRD 

CNT 

LGC WRD 2 

•«* 

woe 

i 

1 

DOWN LIST ID A0354-octah 

9 

SYNC BITS (00437-OCTAL) 

0 

2 

3 

STATE VEC X POS MSB AVE-G 

4 

STATE VEC X POS LSB AVE-G 

1 

3 

5 

STATE VEC Y POS MSB AVE-G 

6 

STATE VEC Y POS LSB AVE-G 

1 

4 

7 

STATE VEC Z POS MSB AVE-G 

8 

STATE VEC Z P06 LSB AVE-G 


5 

9 

STATE VEC X VEL MSB AVE-G 

10 

STATE VEC X VEL LSB AVE-G 

1 

6 

11 

STATE VEC Y VEL MSB AVE-G 

12 

STATE VEC Y VEL LSB AVE-G 

1 

7 

13 

STATE VEC Z VEL MSB AVE-G 

14 

STATE VEC Z VEL LSB AVE-G 

1 

8 

15 

STATIME MSB 

16 

STATIME LSB 

1 

9 

17 

GARBAGE 

18 

DESIRED CDU X 

1 

10 

19 

DESIRED CDUY 

20 

DFSTRFD CDU Z 

—T" 

11 

21 

DELV X MSB 

22 

DELV X LSB 

1 

12 

23 

DELV Y MSB 

24 

DELV Y LSB 

1 

13 

25 

DELV Z MSB 

26 

DELV Z LSB 

1 

14 

27 

LMP CMD ♦ 

28 

LMPCMD+1 

1 

15 

29 

LMP CMD*2 

30 

LMP CMD+3 

1 

16 

31 

LMP CMD*4 

32 

LMP CMD+5 

1 

17 

33 

LMP CMD+6 4 

34 

LMP CMD+7 

1 

18 

35 

LMP IN “1 * ^ 

36 

LMP OUT 

1 

19 

37 

SPARE 

38 

SPARE 

1 

20 

39 

UPVERB 

40 

COMPNUMB 

' 1 

21 

41 

STATE COUNT 

42' 

UPOLDMOD 

1 

22 

43 

ST BUFF +0 

44 

ST BUFF +1 

1 

23 

45 

ST BUFF +2 

46 

ST BUFF +3 

1 

24 

47 

ST BUFF +4 

48 

ST BUFF +5 

1 

25 

49 

ST BUFF +6 

50 

ST BUFF +7 

1 

26 

51 

ST BUFF +8D 

52 

ST BUFF +9D 

1 

27 

53 

ST BUFF +10D 

54 

ST BUFF +11D 

1 

28 

55 

ST BUFF +12D 

56 

ST BUFF +13D 

1 

29 

57 

I MODE 30 

58 

I MODE 33 

1 

30 

59 

TIME OF EVENT MSB 

60 

TIME OF EVENT LSB 

1 

31 

61 

FC MSB 

62 

FC LSB 

1 

32 

63 

AOSQ 

64 

AOSR 

~r 

33 

65 

TIGN MSB 

66 

TIGN LSB 

i 

34 

67 

REDO COUNTER 

! 68 

S FAIL 

i 

35 

69 

GARBAGE 

70 

ACTUAL CDU X 

i 

36 

71 

ACTUAL CDU Y 

72 

ACTUAL CDU Z 

i 

37 

73 

OMEGAP 

74 

OMEGA Q 

i 

&8 

75 

Garbage 

76 

“OmeGA ft 

—r 

39 

77 

STATE 

78 

FLAGWORD 1 

i 

40 

79 

FLAGWORD 2 

80 

DAP BOOLS 

i 

— 11 

—&L. 

CHANNEL 11 

82 

CHANNEL 12 

i 
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TABLE 2S4Ap*S (continued) 


If the bit Indicated equals 1, display the word underlined. 

"orr" 

.If the bit Indicted equeie 1, eet the SOS dlecxete thet display. the 
'3GS dUccte! i,PlAy “° 1U “ - If **“ bit * VMlM °* ”*"• «“ •wropriete 

Display the following: 



d) Store bit STATUS for GAR 631. 

e) Combine the Ik magnitude bits of the most significant part (MB) with 

Ik magnitude bite of the least significant part (LS), The declMd. 
conversion should be made only after the two parte of the double 
precision word have been sign checked. The signs appear In bit 15 of 
each word. ' 


f) Store values of TIM1 1, TIM 2 and RANG! TIM for GAR 602. 

g) Store bit status for CAR 622A and GAN ASS. 

h) Store bit status for GUI 63I. 


ftMtCOUTMwoiMlfMdM bn mater. B CDUT, i. rrcter the er Ml 

“ d “““Pfr *r/7*. 

UapUgr mt a. CBWT. H CDCT to tea. the OHi, tap* COUt^* «Md- 
mn n t u fcte n l m* mwl* fir hyW^I 5. Ototter c.uit a. COUlf . 


Tied Ikb ttid ■ ■ T«1f ill i| ait 
* wr«H, 


*» Mav.it te decimal ud multiply 


C1 *> TW * ***■ «“♦ be dteplagred a. follow*; B8 Mod. X. X. X. X. X X 
•b*** X* to • or "1" for the btt tedieated by tb. aobacnpl. * 4 
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Verify: 

r ( if.,. 

Store: 

CRT Display: 
Operator Action : 

Uplink Requirements : 
Downlink Requirements 

Remarks : 


Prior to and upon completion of the Uplink Transmissions, the 
status of "Operator Error" and "Uplock” will be checked. An "OR" 
st a te for either os both ef t h ese trite will result In a Non-Verify, 

Hi addKton, each Uplink Traaanmteetoa is In be re rifled via C8R 
Verify Response. A noo-verlfy response for any of the above con¬ 
ditions should be Indicated fay a CRT display of "TIME ERROR 1". 

Tr * E p» ^HRS* ^ K *<** tn P utf to GAN 602 

» 

"TIMS EPOCH XXX HRS XX MINS XX. XXX SECS" 


Consol* Operator: Whan Clock Initialisation Program ia 
desired, perform the C -START entries 
before R-ST ART call-up of GAN 601 is made. Make sure 
there ie no other major Uplink Activity at thia time. 

Spacecraft Operator: No activity required. 

See COMPUTATION 8EQUENCE. 

: Measurement ID: Not applicable. 

Tolerance: Not applicable. 

Definltloa of terms used la this subprogram are as follows: 


Tj|^ • Range Time (hre, mine, sees, me) 

E p - Preeat time for OC clock {hra. mina. sms. ms) 

T-p • Range time at which E_ Is to ha inserted (hra, mins, 
secs, ms). P 

Tj • Time to Epoch (hre, mine, secs, me) 

K • Trensmiesion delays (me) 

% ■ 

IOC • Location (octal) of address In erasable OC memory. 
T HRS * Ran «* tim « truncated to Hre. 


4 - 601.6 



C. eralor Act ten: 


l. 
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Keycode Complement 

xxxxx, xxxxx mxx^ 

9 Bit Keycode 5 Bit Keycode 

Figure 603-1. LGC UPLINK FORMAT 


1 

10001 

OHIO 

10001 

(VERB) 


1 

00101 

11010 

00101 

(S) 


1 

00101 

11010 

00101 

(5) 


1 

11100 

00011 

11100 

(ENTER) 


1 

SIGN 

SIGN 

SIGN 

(SIGN OF M) 

1 

0 0 0 0 0 
1111 

0 0 0 

1 lit 

o 0 

11 

0 0 0 0 0 

1 1 1 1 V 1 

(let DIGIT OF 

At) 

1 

M* 0 * 0 * 0 
2 2 2 2 

• 0,0.0. 
2 2 2 2 

o o 
U 2 U 2 

0-0-0-0-0- 
2 2 2 2 2 




• » 


(2nd DIGIT OF 

At) 

1 

0 0 0 0 0 
3 3 3 3 

0 0 0 

3 3 3 3 

0 0 

U 3 U 3 

0 0 0 0 0 

3 3 3 3 3 

(3rd DIGIT OF 

At) 

1 

0 0 0 0 0 

4 4 4 4 

0 0 0 

4 Y44 

o 0 

.44 

0 0 0 0 0 
T4 4T4 

(4th DIGIT OF 

At) \ 

1 

0 0 0 0 0 
5 3 5 5 

0 0 0 
5 5 5 5 

o b 

.55 

0 0 0 0 0 

5 5 5 5 5 

\ 





(5th DIGIT OF 

At) 

1 

11100 

60011 

11100 (ENTER) 

. 

1 

11001 

00110 

11001 (KEYBOARD RELEASE) 


Verffyt Brier tb and upeaodmplailan el the Ufrllalr Tsunami "Innate 
etata* el the*<Operatar Bx*or*< and CUpkook” will be olnludj 
4a 'N>#*4tfiae4»r etthev «r betbottheee Mis will reeult to a 
noa-rerify. bn addition, each uplink tranemleefton In to be rerlfled 
ria C8H Verify reeponee. A non-verify reeponee for ugr of the 
above eooAtload*houl*be ta<fteafte4 by a CRT «Mpl^ mt «VDtffi 

'ERROR ge^k* 1 i\ - j a. r* i r l 'viuvtuir >1*4 V fci 

Coneole Operator: When GEN 603 In duelled, emll-up le made 
ihioogh i-FTART llorful^urflratlo* 

flpeeeeraft Operator: Mo activity required. 


4-603. S 


Operator Action: 
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WORD 4 • TO B 4 12 i 

WORDS P X X XX X X X 

Wbsre WOC - Word ordsr code (1-btt) 

P • Parity (LQC word has odd parity) 

X • Not uaad 

Tbe ID Nook aliould normally appear once every 100 prlma 
frames and contains a aero WOC, two LQC 16-bit words including 
parity bits (P) and seven unused bit position (X). LQC word 1 
contains tbe data list a dd ress In bit psslttsas 15-1 .• * 

and parity (P) la bit pesltlsn asre» LOG * ; : r *- » f' C 

Word 2 con t ai n s a fixed bit pattern sync word (00437) g In bit posi¬ 
tions 1-16 and Parity (P) In bit position aero. LQC Word 1 
precedes LQC Word 2 la tbe data block transmission. Tbs word 
order oods (WOC) bit contains a 0 for all LQC ID blocks* An example 
block and word formats is shewn b el o w* 



K ^ fi>*oj*0 '*•"'**• «WC Wor# f Table No* ‘ 

LCJ pr ; * t**.* r.C** **•■* «L tUc dtfi V.u • ^^mi&si,*- Tbe. udo 

TV Ante b locks (normally M b s tw eea ID blocks) postals a WOC, tws hot itl "' 

15-bit words taclndlat party btta (P) aad aevaa esnaad bit poaltiosa (X)* 

LQC Wood 1 preosdsa LOG Ward S ta tbs data blook transmission. lbs weed ordsr sods 
(WOC) bit ss o tsiss s 1 flsr sU LQC Data Blocks. Tbs blook «d weed flermats are spsolfM 
as CoUswat 


L* 


521-200.t 
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^6 BIT OC DOWNLINK DBPLAY WORD 
Special Relay - Relay 



j 

’ • . ' • j 

PIOURJS 999-900-1 : 


DOSPLAY WORD 1XAMPLR 

Addreae Special * Relay Relay Parity 

Coda rnda PjwU 
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D6PTAB 

♦10D 

♦ 4D 

♦ 90 

♦ T ^ 

♦ • 

♦ • 

♦ 4 

♦ 9 

♦ t 

♦ I 

♦ • 


TABLE 412-200-1 
TABLE OF DISPLAY WORDS 


Addroaa 


Dlaplay Nama . 

DUokqrHama 

Blta 14-12 

HpBw<Ri coda 

Balmy Coda for 

Malay Coda lor 

Binary Coda 

Bit 11 

Bita 10-0 

Blta 4-1 

K 

• - 

* MD1 

MDt 

O 

- • 

• * VDI 

VDO 

r 

- • 

ND1 

ND2 



— T 

MIDI 

V 

♦Ml 

R1D0 

RlDO 

• 

-Ml . i 

R1D4 

Ml DO 

E 

♦R2 

M2D1 

M2D0 

O 

-M2 

R2D3 

M2D4 


- - 

R2D9 

MODI " 


♦M3 

R3D0 

M2D0 


-R3 

R2D4 

• 

M3D4 


t 

Table 022 - 200-2 



BIT BELAY OODKS YOB NUMERIC CHARACTER DBF LAY 

1 


tLANK 00000 

10101 
00011 
11001 
noii v 
01111 
11110 
11100 
10011 
11101 
11111 






EBBOB 


A wwd hae appeared 
containing a relay oode 
which la act la Table 
t&S-2CC-S 
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TABLE 622-200-3 

EBBOB DE8CBTPT10N 

CBT 8TANDABD 

DISPLAY ~ ME88AGE .ON 

* FILE TAPE 

BK L E BR I 622 BELEBBjL. 

10-bit word, 
time taf, and 


• \ * 


4-MMW.L 


•» V 
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M. 1 jM Vi 
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Iinii2i 3 B ^sasSr=2S“2 - 598 


ju-ussas-B ^555?8!i5gS‘ 

Bpppp*5ps r g. < ^22S-::i-9i^g8a 
5 a g ts««s « t5* a a a a a a a a a 2 5 * £ s 3 


zzzzzzzzzzllzzzzzzzzzztzzz 


bL m< 
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b. 
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v 


Tttle: 
Part Of: 
Purpoee: 


tppj» toz 


Thia pnfriD oomrerta 8 m IX wnl y l> 8i aiMi *«'’ coa 
PCM valuM to degreea for dUplay ob the CRT. Thia aubprofram 
apaolfloattoB la identical to the epecifioaUoe for GAM 162 A ft 
#e* 4-162A1* 



T1tie : 
Part Of: 
fffflPP**?, 
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ACE-S/C Error Reset Program GAN 671 
Downlink Program 

This subprogram resets the error displays on the CRT display 
unit to give a "no error** indication for the ACE-8/C subprograms 
utilised with the LEM Block Q GAN System. 

Calling Sequence: Entry: This subprogram operates under executive control and 

Is i ni tiated from the R-8TART Module specified la the PRP8 or 
* PRD. 

Exit: Return to Downlink Executive Program after error displays 
are reset. 

Computation Sequenoe: The error displays reset fay this subprogram are listed below. 

along with the ACE-S/C subprogram that generates them during 
its operation. The CRT page and line location for each error 
display is detailed in the Program Requirements Process 
Specification. 

Error Indication GAN Program Number 


TIME ERROR Q} 

601 

TIME ERROR Q. 4 ) 

60S 

TIME ERROR (& 

•OS 

SYNC ERR (1. 21 

6S1. SSI or 6S1- 

WO&DEHB fl. 1. ». 4. »■ O 

SSI 

RELERR 01 

61S or 622-100 

PARERRfU • , 

6S1 

KEYERR fl. SI 

•SI 

VERRQRfl,!. 3. 4. i» 

6SS 

PSERR ^ 

6S1 

WORDERR fl. 21 

6S1-S00 

WORDERR fl. 3. S. 4. 8. 6. 71 

6S1 


Each error dUplay consists of a variable segment (Underline*} 
which signifies die type of error condition eoourriag in a particular 
ACE-S/C subprogram, and a fined title figment When initiated 
by the operator, this subprogram will hlaMc out the variable seg¬ 
ment* of the error displays. 


4-f71.1 

m 
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Title: 

Purpose: 

Input: 


Output: 


General 

Program 

Description: 


Printing: 


Execution: 


Data 

Rate: 
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GAN Downlink Edit Program, GAN 210*. 

The GAN Downlink Edit Program strips outs, interprets, and presents 
all or any part of the Command Guidance Computer (CGC) and the LEM 
Guidance Computer (LGC) data recorded on the PCM Data Tape. 

The inputs to this program are: 

1) PCM Data Tape or Compressed Data Tape containing CGC/LGO Am * m » 

2) Edit Parameters (cards or tape! 

3) Control cards 

The output from this program is a printed listing of CGC/LGC Downlink 
data taken from the PCM Data Tape or Compressed Data Tape for the 
intervals requested and pr es ea s ed m d displayed in the manner h^ hr 

the Edit Parameters. 

The GAN 210 is divided into two segments to minimize the impact of changes 
in the input data format. The two segments are: 

1) EXECUTIVE SEGMENT - This segment prepares the Edit Parameters 
for use, processes the Control Cards, extracts the CGC/LGC data 
from the PCM Data Tape or Compressed Data Taps for the intervals 
defined, valldntss this data and transmits it to the next segment. 

2) PRESENTATION SEGMENT - This segment receives the CGC/LGC 
data and the Edit Parameters from the Executive Segment and processes 
and prints out this data in the manner prescribed by the Edit Parameters. 

Printing will be once every complete cycle through the Downlink list. The 
Downlink Edit Format Tables will define from 1 to 99 lines to be printed on * 
one (7 to 50 lines) or two (51 to 99 lines) pages.Six lines or less define a 
subpage to be printed under line count control. As many full subpages as 
possible will be fit per page. 

In most cases it will not be necessary to see all the data on the PCM rto»o 
Tape or Compressed Data Tape. The intervals to be processed will be speci¬ 
fied in the Zulu Time as it appears on the PCM Date Taps or Compressed Data 
Tape and will be input to the program on control cards. 

CGC/LGC Data is recorded on analog PCM Data Tapes at bit rates of: 

1) 204.8KBS 

2) 51.2KBS 

3) 1.6KBS 

This program must be able to process data at any and all of these rates. 
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Title: 

Purpose: 

Input: 

Output: 

Normal Exit: 

Error Exit: 

Description: 
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EXECUTIVE SEGMENT 

The purpose of the Executive Segment is to prepare the Edit Parameters 
for use by the Presentation Segment, processes the Control Cards, and 
to extract and validate the required CGC/LGC data from the PCM Data 
Tape. 

The inputs to this segment are: 

1) Downlink Edit Format and Requirements Tables (Edit Parameters) 

2) Data Definition, Title and Time Cards (Control Cards) 

3) PCM Data Tape or Compressed Data Tape containing the CGC/LGC data 
to be processed* 

The outputs from this segment are: 

1) Edit Parameters for use by the Presentation Segment 

2) CGC/LGC data extracted from the PCM Data Tape or Compressed Data Tape 

3) Error signals for any discrepancies found in the Edit 
Parameters, the Control Cards, and the CGC/LGC data. 

The normal exit from this segment is to the Presentation Segment. 

The normal program halt occurs when the last time Interval 
has been satisfied. 

Error signals are generated for discrepancies found in the Input Cards, 

PCM or Compressed Data Taps Data* Tbs Error Exlt ls to the Presentation 
Segment* 

The CGC/LGC data consists of two types of words: 

1) Identification Words (2): These words indicate the type of downlink 
transmission (List) and signal the start of the data transmission. 

2) Data Words (98 to 398): Actual CGC/LGC words. The position of a 
data word in a List identifies its content. There is a unique Word Order 
Code associated with each type of word. 

The first card to be input is the Data Definition Card. This card identifies 
the position(Time Slot) of the CGC/LGC words in a Prime Frame of PCM 
Telemetry Data, and the length of the downlist (100 to 400). 

The List being sent changes during the various phases of a mission program. 

A set of Edit Parameters is required for each List. The number of Lists 
to be used during the missions utilizing Block n Computers is not known; 
as a preliminary estimate, this program should be able to accomodate up 
to twenty different lists of variable lengths from 100 to 400 words. 
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Time: 


A set of Edit Parameters for any List will consist of: 

1) List ID card - This card contains the bit configuration (In octal) of 
the ID Words of the List for which the tables following this card are to 
be used. 

2) R cards - These cards define the print format of the dat a for the 
particular list. 

3) ENG card - These cards define the English phrase interpretations 
for the particular List. 

4) E Cards - These cards define the processing requirements for the 
particular List. 

5) END Card - This card is the last card of the set of Edit Parameters 
for the particular List. 

This sequence of cards will be repeated for each list. 

Run cards to be input with each run will consist of: 

1) GAN card - This card will contain the description of the particular 
run and will be used as a page heading on the output listing. 

2) TIME cards - These cards will designate the data to be processed. 

Each card will contain a start and a stop time in hours, minutes, and 
seconds. If more than one TIME card is used, the times specified will 
not overlap and will be in sequence. 

3) END OF RUN card - signals the end of the Control Cards. 

Appropriate validity checks should be made on the format of these cards. 

Any card error will suspend the processing of and PCM or Compressed 
Tape Data, but all cards should be scanned and all errors displayed even though 
no data will be processed. 

Usage of the Downlink Edit Program - Block I has shown that the Edit 
Parameters tend to be fixed once the data content of the Downlink is known. 

New sets of Edit Parameters will be used only for special applications. 

The Executive Segment should process the Downlink Edit Format Tables 
and the Downlink Requirements Tables and save them on tape so t ha t sub— 
sequent runs with the same type of data may be made with no reprocessing 
of those cards. 

There is a time signal on the PCM Data Tape and the Compressed Data Tape and 
the time of transmission of each CGC/LQC word ean be determined. This time 
is matched to the time intervals requested to determine what data is to 
be processed. Data should be processed from the first ID following the 
start time to the end of the Downlist after the stop time. The time occurrence 
of the ID Word must be available to the Executive Segment. 
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The CGC/LGC transmitta blocks of five 8 bit words into the PCM stream 
of telemetry. These forty bits contain the data to be processed. The 
Downlist consists of 100 to 400 CGC/LGC words, each block representing 
2 of these words. The first block of a Downlist contains the ID Words. 

These words identify the List being transmitted. Following the ID Words 
are 98 to 398 Data words. CGC/LGC words are 16 bits in length and are 
configured as: 

8/15 14 13 12 11 10 987654321P 

where: bit 16 is the 8ign bit for numeric data bits 
14 thru l are the data bits for numerie data 
P 1# the Parity (Odd) bit. 

The Validity checks to be made on the CGC/LGC data are: 

1) Check - Out of Sync signaled by DECOM 

Action - Message SYNCERH1 . indicate which wordi axe out of sync 
but process anyway. 

2) Check - Over 98 to 398 data words since ID words t 
Action - Message 8YNCERR2 . process first 98 to 396 data wordi 

and ignore the rest until ID words received. 

3) Check - ID Words received before 98 to 398 data words were 

received since last ID Wordi. 

Action - Message 3YNCERR3 . process data words received 
begin next Downlist with new ID Wordi. 

4) Check - Parity incorrect in first CGC/LGC word in block 
Action - Message WORDERRi . display the 40 bits in Octal and 

the index number. Do not process the word in error. 

5) Check - Parity incorrect in second CGC/LGC word in block 
Action - Message WORDERR2 . display the 40 bits in Octal and 

the index number. Do not process the word in error. 

6) Check - First ID Word, bits 15 to 11 Invalid 
Action - Message WORDERR3 

7) Check - First ID Word, bits 10 to 1 Invalid 

Action - Message WORDERR4 . Invalid ID, display the 40 bits in 

octal and the index number. Cycle until next ID received. 

8) Check - Second ID Word Invalid 

Action - Message WORDERR5 . display 40 bits in octal. If no 
error was found in the first ID Word, the ID will be 
considered Valid and ID Word 1 will be used to determine 
the list being sent. 

NOTE: WORDERR3 alone will not invalidate the ID. If no other ID 
errors are found, bits 10 to 1 of ID word 1 will determine 
the list being sent. 
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Title: 

Purpose: 

Input: 

Output: 

Exits: 

Description: 


PRESENTATION SEGMENT 

The Presentation Segment receives the 16 bit CGC/LGC words from the 
Executive Segment. These words are processed in the manner defined 
by the Downlink Requirements Tables and displayed in the manner defined 
by the Downlink Edit Format Tables. 

The inputs to this segment are: 

1) Edit Parameters and ID Word configurations for all Downlists 
to be processed. 

2) The 16 bit CGC/LGC Words. 

3) Error indicators associated with the 16 bit words transmitted. 

The output from this segment is the printed listing in the formats defined 
by the Edit Parameters and any error messages generated. 

The normal and the error exits from this segment are to the Executive 
Segment. 

This segment receives the 16 bit CGC/LGC worcto and aqy error signals 
from the Executive Segment. Each word is examined to determine if it 
is an ID Word or a Data Word. When the ID Words are received, the time 
of their occurrence is printed as positioned by an E card. The Edit 
Parameters for data following the particular ID are made ready lor pro¬ 
cessing. The ID words may be processed as words for printing. 
When Data Words are received, a check of the Edit Parameters will 
determine if the word is to be used, and if so, how to process it. Error 
signals generate output messages. All CGC/LGC words are treated as 
binary fractions with the binary point between the 15th and 14th bits of 
the word. Double Precision quantities will require that processing be 
held up until both words have been received. 

Note that the most significant part and the least significant part of a 
double precision word do not necessarily have the same sign. Use the 
following diagram for a processing technique. 
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Card 

Formats: 
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Data Definition Card - This card locates the two sixteen bit CGC/LGC 
words and the Word Order Code (WOC) contained in the 40 bits defined. 

This card also will define the representative WOC bit for ID Worcte. 

That is, the bit (0 or 1) indicated will be in each bit position of the WOC 
for ID Words. The 5-8 bit words will be considered as individual bits 
numbered 1 to 40 with the left most bit of the first word called bit 1 and 
numbered consecutively to the right most bit of the fifth word, bit 40. 


Columns 

Contents 

Comments 

1 to 4 

DATA 

defines card type 

9 to 11 

PCM 

comment 

13 to 19 

XXX-XXX 

First and last time slots of 
the 5-8 bit GAN PCM Worcto 

22 to 25 

WRD1 

comment 

27 to 31 

XX-XX 

first and last bit position of 
CGC/LGC word 1 

34 to 37 

WRD2 

comment 

39 to 43 

XX-XX 

first and last bit position of 
CGC/LGC word 2 

46 to 46 

WOC 

comment 

50 to 54 

XX-XX 

first and last bit position of 
word order code 

57 to 61 

IDWOC 

comment 

63 

X 

WOC representative bit for ID 

70 to 72 « 

XXX ' 

Length of Downlist 


Comments need not be checked for. The CGC/LGC words should be 16 bits 
In length, the word order code may be from 1 to 8 bits. All WOC bits will 
be identical if more than one is specified. The representative WOC bit for 
ID words is supplied. Data word WOC is assumed to be the complement of 
the ID WOC. See card example page for further clarification. 
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A Downlink Edit Format Table is required for each Downlist to be processed. 
This table specifies the fixed format layout of the edit listing. A field width * 
of 120 print characters is required. The spacing alloted between the title 
entries of this table is for the insertion of the CGC/LGC as processed 
by the Presentation Segment. This table is composed of R cards. These 
cards provide the titled entries for the edit listing. No more than two cards 
are used to define any single line of the listing. The set of R cards for any 
Downlist will not define over 50 lines including spacing for ea c h page. 

Comments 

defines card type 
line sequence number 
print control 
fixed format layout 

where: XX R cards for a particular List are in sequence by this number. 

This number is used by the E cards to identify the lines on which the prol 
cessed data will be displayed. 

y * blank or 1, skip one line after printing 

* 2, skip two lines after printing 

* 9, fixed format layout of this card is the 

right most portion of the previously defined line 

If y is blank, 1, or 2, columns 9 thru 80 of the card will be printed in 
print positions 1 to 72. If y is 9, columns 9 thru 56 will be printed in print 
positions 73 to 120. A one line skip is assumed if the line sequence number 
is unique. 

If y is 9, and the line sequence number is equal to the line sequence number 
of the proceeding card, then this card defines print positions 73 to 120 of - 
the previous line. 

EG R 012 
R 019 
R 02 
R 039 
R 04 
R 049 

Will define 5 lines: 

Line l of Print Positions 1 to 120 
Line 2 of all blanks 
Line 3 of Print Positions 1 to 72 
Line 4 of Print Positions 73 to 120 
Line 5 of Print Positions 1 to 120 

Note that the maximum occurrence of equal line sequence numbers Is twice- 
Once with print control of Blank, l, or 2; and again with print control of 8. ’ 


Columns 

1 

6, 7 
8 

9 to 80 


Contents 

R 

XX 

y 
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Downlink A Downlink Requirements Table is needed for each Downllst to be processed. 

Requirements This table defines the specific entries required for the edit HaHng by 

Tables: referencing the index number (word position in Downllst) of the words to be 

processed. This table specifies the exact placement, in terms of print 
positions, of each data entry in the fixed edit format defined by the Downline 
Edit Format Table for this Downllst. This table also specifies the pro¬ 
cessing required for each data entry in the output. A Downlink Requirements 
Table is composed of E cards and ENG cards. 


Columns 

Contents 

Comments 

1 

E 

defines card type 

9, 10 

XX 

line number (match to R card line 
.sequence number) 

12 to 18 

xxx-xxx 

print positions in output line where 
this entry is to be displayed. 

25 to 30 

EQUALS 


32 to 34 

XXX 

index number (001 to 400) 


For quantities to be displayed in decimal: 

36 to 82 DP or TP (Double or Single Precision), Scale Factor (sign, 

decimal point, one to ten decimal digits), power (E, sign, 
one or two decimal digits), 8 or NS (if S, print sign; if NS 
treat word as 15 bit unsigned number), MSB (for double 
precision, indicates most significant bits) 

For other quantities: 

36 to 50 XX or XX-XX or XX, XX-XX (bit positions to be considered — 

leading zeros not supplied) 

OCTAL (print bits indicated in octal) or 
BINARY (print bits Indicated in binary) or 
ENGn (Extract bits indicated and search English table 
specified for match and insert associated phrase in output), 

I or blank (I, if bit 15 of the word is a 1, the bits Ind i cated 
must be complimented before processing; if field is Hianir 
or if bit 15 is 0, the bits indicated are used as is). 

Fields will be separated by commas, and except where mentioned, lead¬ 
ing zeros will be supplied. 

The ENGn cards contain English phrases to be inserted in the output listing 
when certain combinations of bits are present in key CGC/LGC words. The 
bits for comparison and the table to be searched are Indicated by E cards. 

Columns Contents Comments 

ENG defines card type 

n table number (n * 1 to 8) 

1 to 16 binary characters that is the bit pattern for which the 
English phrase will be substituted (bits specified n ln E card 
are extracted and compared to the non-blank <y*inmn« - right 
justified to column 23) 
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Requirements 

Tables: 


NOTE: 
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Columns Contents Comments 

25 to 30 EQUALS 

33 to 53 1 to 20 alphanumeric characters to be inserted in print 

positions defined in the E card - left justified to column 
33. A $ in column 33 means that no phrase is to be 
inserted for the bit pattern matched. 

If the designated ENGn table is searched and no match is found, an error 
condition exists. A message, DOWNERRi is printed along with the index 
number of the word that contained the bits that could not be matched and 
the word (16 bits) in octal. 

A special application of the E card will be used to position the time of the 
ID word in the edit listing. Index word 000 will indicate this time and it 
will be positioned in the normal manner. E. G. 

E 06,018-037 EQUALS 000 

Print GMT on the line defined by R 06 in print positions 018 through 037. 
The processing requirements for this word are already defined. 
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List Identification Card - This card is the first card of the set of Edit 
Parameters for a particular Downllst. The bit configurations of the ID 
Words, whose data will be processed according to the tables following 
this card, are contained in this card. 


Columns Contents 


Comments 


1 to 4 LIST 

7 to 12 XXXXXX 

15 to 20 XXXXXX 


defines card type 

bit configuration in Octal of first ID 
word 

bit configuration in Octal of second 
ID word 


The 16 binary bits are converted into 6 octal characters by adding two 
binary zeros to the right to make 18 binary bits E.G. (1100100001101111) 
will be in the card as 620674. 


End Card - This card is the last card of the set of Edit Parameters for 
a particular Downllst. 


Columns Contents Comments 

1 to 3 , END defines card type 

The Edit Parameters for each Downllst consist of: LIST ID card, R cards, 
ENGn cards, E cards and the END card in that order. 
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Cards Input for 
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The page title card contains the run description, date, OCP, etc, and is 
printed once per page. 

Columns Contents Comments 

1 to 3 G4N defines card type 

5 to 75 page title to be printed as the first line 

of each page. 

The data to be processed are defined as a set of 1 to n time intervals. Each 
card contains the start and stop time of a data interval. For multiple 
intervals, the times will not overlap and will be in sequence. 


Columns 

Contents 

Comments 

1 to 4 

TIME 

defines card type 

«, 7 

XX 

start time, hours 

8, 9 

YY 

start time, minutes 

10, 11 

zz 

start time, seconds 

13, 14 

TO 


16, 17 

XX 

stop time, hours 

18, 19 

YY 

stop time, minutes 

20, 21 , 

ZZ 

stop time, seconds 

The last card to be input is the End of Run card. 

Columns 

Contents 

Comments 

1 to 10 , 

END OF RUN 

defines card type 
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Example 1 E 02, 018-026 EQUALS 062, DP, ♦ . 16777628E+5,8 , MSB 

E - specifies requirements equals card 

02 - specifies the number of a R card entry in the Edit Format table 
which designates the line that this data is to be printed on. 

018-026 - specifies the print positions of line 02 that this ig 
to be printed in 

062 - specifies the position in the Downlink List (index number) that 
contains the data to be processed. 

DP - specifies that the data is double precision 
♦. 16777528 - specifies the numeric value of the scale factor 
E+5 - specifies the power of the scale factor 
S - specifies the data is a signed number 
MSB - specifies that word 062 is the most significant bits of the 
double precision quantity. 

This card requires that the 14 data bits of word 062 and the 14 data bits 
of word 063 be combined as previously described into a 28 bit binary 
fraction, converted to a decimal fraction, multiplied by 16777.528 and 
printed in positions 018 to 026 of line 02. 

Example 2 E 61,047-062 EQUALS 029,7,5-1, ENG2 

E - specifies requirements Equals card 
61 - specifies the number of the R card entry 
047-062 - specifies the print positions of R 61 for display 
29 - specifies the index number of the d ata 
7,5-1 - specifies the bits to be extracted from word 029 
ENG2 - specifies the table of English phrases that is to be searched 
for the same pattern as the bits extracted. 

This card requires that bits 7 and 5 thru l be extracted from word 029. 
These bits are then compared to the patterns that are part of English phrase 
table ENG2. When the bits are matched, the English phrase associated 
with that pattern is printed in print positions 047 to 062 of the defined 
by R card 61. 


4-210.13 


247 



APOLLO GftN Specification 
ND1002319 REV F 


Example 3 E 04, 109-109 EQUALS 012,6, BINARY 

E - specifies requirements Equals card 

04 - specifies the number of a R card entry 

109-109 - specifies the print position on line defined by R04 

012 - specifies the index number of the data 

6 - specifies the bit position to be extracted from word 12 

BINARY - specifies that the bit be displayed in binary. 

Example 4 E 06,097-101 EQUALS 026,15-1, OCTAL 

E - specifies requirements Equals card 
06 - specifies the R card line number 

097-101 - specifies the print position in the line defined by R 06 
026 - specifies the index number of the CGC/LGC d a t a 
15-1 - specifies the bits of word 012 to be processed 
OCTAL - specifies that the data is to be printed in octal 

Example 5 ENG2 001001 . EQUALS FINE ALIGN 

ENG2 - specifies requirements English card 
001001 - specifies the bit pattern that will be interpreted by 
the English phrase 

FINE ALIGN - specifies the message that is to be printed in the 
* print positions called out by the E card that refers 
to the ENG2 table. 

This card is actually a sub-card to an E card. The E card specifies 
the bits of a CGC/LGC word to be compared to the various entries of 
the ENG2 table and the print positions for the message. 
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Input Card Dack Makeups 




END OF RUN 


\ TIME 


f^END 


GUI 






CONTROL CARDS 
Input each run 


EDIT PARAMETERS 

this sequence of 
cards is repeated 
for each Dovnlist 



^LIST 

U 


/data 



1 

DATA DEFINITION CARD * 

L 
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TABLE 221JU1 


Error Description , CRT Display 


This indicates that Wordcnt 
has incremented beyond a 
specified limit. 

SYNCERR 1 

At this point Wordcnt should 
be 101, if an ID has been 
received in the correct 
sequence. 

SYNCERR 2 

Parity is incorrect in 
the first GC word in 
data block. 

WORDERR 1 

Parity is incorrect in 
the second GC word in 
data block. 

VORDERR 2 

ID word (bits 11 - 15) 
i (oo) 8 

WORDERR • 3 

Fixed bit pattern in 

ID word is illegal. 

WORDERR U 

Invalid list address en¬ 
countered after attempting ' 
to utilize second GC word 
to identify ID word. 

WORDERR 5 

Invalid list address en¬ 
countered in the first GC 
word in data block. 

WORDERR 6 
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TABLE 224A-2 (continued) 


Notes: 


a) 


b) 


If the bit indicated equals 1, display the word underlined. 

JT bb* bit indicated equals 0 , display the word narentheaia 
The "OFF” state replaced by a txlank State to alsS 

If the bit indicated equals 1, set the SOS discrete that displays the 
3GS discrete di8Play COlUmn# If the bit equals °» re,D0V ® the appropriate 


c) Display the following: 


BIT 4 

BIT 5 

n XXX"DISPLAY 

U 

0 

OFF 

0 

1 

ZER 

1 

0 ! 

CMC 

1 

1 

MAN 


d) Store bit STATUS for G&N 631 . 


«) 


Combine the lU magnitude bits of the most significant part (MS) with 
1* magnitude bits of the least significant *art (IS). The decimal 
conversion should be made only after the two parts of the double 
^ch **°d word have been sigh checked. The signs appear in bit 15 of 


o 

6 ) 

h) 

Q 

J) 


Store values of TIME 1, TIME 2 and RANGE TIME for G&N 602 . 
Store bit status for G&N 622A and G«N 632. 

Store bit status for G&N 6 jl. 



--T-r ^ w vuui, 

?3«<)Sl*r ,rd “ “ 15 Ut ° 0anter ’ 00nTert to ««l multiply 


C19) These bits must also be displayed as follows: ]SS Mode X X X X X X 
where Xn to a " 0 ** or " 1 M for the bit indicated by the srtscript 5 4 * 


4-234A.il 


266 



Computation Sequence: 


APOLLO G6N Specification 
ND1002319 REV F 


t HRS “ BaBg* time truncated to hra. 

Tj^ - Range time 
Ep - Present time 
Error Exit: None. 

The following sequence should occur: 

(1) A check shall be made after Trp, T e , and Ep are entered to 
insure that they are valid. For a valid Tpp entry, hrs <23, 
min <59 and sec <59. For a valid Ep and Tg entry, min <59 
and sec <59. No check on hrs for Ep and Tg need be made. 

If an invalid entry occurs, Indicate a non-verify on the C-START. 

(2) A check shall be made after Ep and T E is entered to determine 
if the corresponding GC octal address has been entered. Ep and 
Tg should be transmitted if its corresponding address was entered 
If no address was entered then it should not be transmitted and 
EPER or TEER should be displayed in the position for 1 2 J3 4 of 
TIME ERROR, If no address was entered for both Ep and"T Ef 
then neither should be transmitted and ADER should be displayed 
in the position of 1 2 3 4 of TIME ERROR. 

(3) When Range Time, Tri is equal to Tr P and if the G6N Computer 
address for Ep is not equal to aero, transmit uplink Ep and the 
GC address for the time registers using the commands listed 
under Uplink Commands. 

(4) If LOC is not equal to zero, then the quantities T E and LOC are 
transmitted uplink using the commands listed under Uplink 
Commands. 

(5) Store the following items for inputs into G&N 602: 

T Ri - Range time, which is also equal to T Rp 
Ep - Present time 

Thus - The value of Tr 1 , truncated to hours 
K - constant to be used in G&N 602 

(6) All uplink commands are to be time tagged and filed on the Up¬ 
link File Tape. 

(7) Before the double precision words E p and T E are transmitted 
uplink they must be converted to double precision words which 
have a least significant bit of 10 millesecond value. 

Key Code Complement 

1 xxxxx xxxxx xxxxx 

5 Bit Keycode 5 Bit Keycode 

Figure 601-1 
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Uplink Requirements: 

Transmission to GC: None 

DTCS Stimuli Location: Not Applicable 

Time of Transmission: Not Applicable 

Downlink Requirements : 

Measurement ID: Measurement No, G 0001V 


Tolerance: If program fails At test, indicate failure by display 

indicated under TEST in "Computations" section and - 
return to Uplink Control Program, 

Failure of program to execute because of no GC time 
available should be indicated by "TIME ERROR 4" and 
exit should be made to Uplink Control Program. 

The accuracy of At is to be 10 milliseconds. 


Filing Requirements: 

During System Tests a recording of T„ , T 0 , E„, 

«2 * 

Ta* and DCNT should be made. 

A k HRS. K 2(HRS) 

Remarks: Definition of terms used in this subprogram are as follows: 

' - Range time from GAN 601 in hrs, mins, secs, ms, 

T hrs • Range time from GAN 601 truncated to hrs, 

K • Transmission delays from GAN 001 in ms. 

E p ■ Preset Time insert in LGC clock from GAN 001,* 
in hrs, mins, secs, ms. 

- GC time from GW 224 or GW 624 in hrs, mins, secs, ms. 

T r - Range time of GC time receipt in hrs, mins, 

2 secs, ms. 
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WORD 48 76 54 32 1 

WORD 5 P XXXXXXX 

Where WOC - Word order code (1-bit) 

P ■ Parity (LGC word haa odd parity) 

X ■ Not used 

The ID block should normally appear once every 100 prime 
frames and contains a aero WOC, two LGC 16-bit words including 
parity bits (P) and seven unused bit positions (X). LGC word 1 
contains the data list address ‘In bit position 15-1 
and parity (P) In bit position zero. LGC . 

Word 2 contains a fixed bit pattern sync word (00437) g in bit posi¬ 
tions 1-15 and Parity (P) in bit position zero. LGC Word 1 
precedes LGC Word 2 in the data block transmission. The word 
order code (WOC) bit contains a 0 for all LGC ID blocks. An example 
block and word formats is shown below. ■ 



The following ID groups shall be accepted as valid: - 

Downllst No. r gD Wordl a (SYNC Worth o ( Table No. 

: T 1 60236 • , . 00437 4 ^ n - hc 6*1-200-1 

The data blocks (normally 99 between ID blocks) contain a WOC, two LGC ' ^ 1 
16-bit worcto including parity bits (P) and seven unused bit positions (X). 

LGC Word 1 precedes LGC Word 2 in the data block transmission. Hie word order oode 
(WOC) bit contains a 1 for all LGC Data Blocks. Hie block and word formats are specified 
as follows: 
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TABLE 621-200-1 
DOWNUST NO. 1 


BLOCK 

WRD 

CNT 

LGC WRD 1 

WRD 

CNT 

LGC WRD 2 

woe 

1 

1 

DOWNLBST ID (00236-octall 

9 

SYNC BITS (00437-OCTAL) 

0 

2 

3 

STATE VEC X POS MSB AVE-G 

4 

STATE VEC X POS LSb AVE-G 

1 

3 

5 

STATE VEC Y POS MSB AVE-G 

6 

STATE VEC Y POS LSB AVE-G 

1 

4 

7 

STATE VEC Z P06 MSB AVE-G 

8 

state VE0 Z POS LSB AVE-G 

I 

5 

9 

STATE VEC X VEL MSB AVE-G 

10 

STATE VEC X VEL LSB AVE-G 

1 

6 

11 

STATE VEC Y VEL MSB AVE-G 

12 

STATE VEC Y VEL LSB AVE-G 

1 

7 

13 

STATE VEC Z VEL MSB AVE-G 

14 

STATE VEC Z VEL LSB AVE-G 

1 

8 

15 

STATIME MSB 

16 

STATIME LSB 

1 

9 

17 

GARBAGE 

18 

DESIRED CDU X 

1 

10 

19 

DESIRED CDUY 

20 

DESIRED CDU Z 

I 

11 

21 

DELV X MSB 

' 22 

DELV X LSB 

1 

12 

23 

DELV Y MSB 

24 

DELV Y LSB 

1 

13 

25 

DELV Z MSB 

26 

DELV Z LSB 

1 

14 

27 

LMP CMD 

28 

LMP CMIH1 

1 

15 

29 

LMP CMD+-2 

30 

LMP CMD+3 

1 

16 

31 

LMP CMD+4 

32 

LMP CMD*5 

1 

17 

33 

LMP CMDMJ 

34 

LMP CMD+7 

1 

18 

35 

lmp in • 

36 

LMP OUT 

1 

19 

37 

SPARE 

38 

SPARE 

1 

20 

39 

UPVERB 

40 

COMPNUMB 

1 

21 

41 

STATE COUNT 

42 

UPOLDMOD 

1 

22 

43 

ST BUFF +0 

44 

ST BUFF +1 

1 

23 . 

45 

ST BUFF +2 

46 

ST BUFF +3 

1 

24 

47 

ST BUFF +4 

48 

ST BUFF +5 

1 

25 

49 

ST BUFF +6 

50 

ST BUFF +7 

1 

26 

51 

ST BUFF +8D 

52 

ST BUFF +9D 

1 

27 

53 

ST BUFF +10D 

54 

ST BUFF +11D 

1 

28 

55 

ST BUFF +12D 

56 

ST BUFF +13D 

1 

29 

57 

I MODE 30 

58 

I MODE 33 

.1 

30 

59 

TIME OF EVENT MSB 

60 

TIME OF EVENT LSB 

i 

31 

61 

FC MSB 

62 

FC LSB 

i 

32 

63 

AOSQ 

64 

AOSR 

—r 

33 

65 

TIGN MSB 

66 

TIGN LSB 

i 

34 

67 

REDO COUNTER 

68 

S FAIL 

i 

35 

_2L 

GARBAGE 

70 

ACTUAL CDU X 

i 

36 

71 

ACTUAL CDU Y 

72 

ACTUAL CDU Z 

i 

37 

73 

OMEGA P 

74 

OMEGA Q 

i 

38 

75 

garbage- 

75“ 

“Omega r 

— r 

39 

77 

STATE 

78 

FLAGWORD 1 

i 

40 

79 

FLAGWORD 2 

80 

DAP BOOLS 

i 

- 11 

gl 

CHANNEL 11 

82 

CHANNEL 12 

i 
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4-C24AS8 


«SI 






NOTES: 

H/A 

<•) 

(b) 

(c) 


(d) 

<•> 

(f) 

(g) 

(h) 

(i) 

(J) 
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TABLE 624Ai-lt (ContlnttSd) 


Hot Applicable. 

If the bit indicated equal* one, display the word underlined. 

If the bit Indicated equals zero, display the word In parentheses. 

If either bit equals one, display the word underlined. 

If both bits are aero, display the word in parentheses. 

Combine the lU Magnitude bits of the nost significant (MS) part 
with Ik Magnitude bits of the least significant part(LS). The 
declnal conversion should be Made only after the two parts 
of the double precision word have been sign checked. The 
signs appear in bit 15 of each word. See "Remarks" for a 
Method for handling double precision words. 

Sane as (b). 

ROTS: This double precision word must be scaled two ways 
each of which is displayed. 

Store bit status for GUI 631. 

Store values for GUI 602. 

Store bit status for GUV 622 and 632. If the indicated bit is 
a one,set the 80S Discrete for VERB-HOUR FLASH. If the bit is 
tero, clear the discrete. 

If the bit indicated equals one, set the 80S Discrete that 
displays the word in the display colxem. If the bit equals 
tero, remove the appropriate SGS Discrete. 

Store bit status for GAN 631. If the bit indicated equals one, Block 
Uplink is "ON"; if the bit indicated equals zero. Block Uplink is "OFF". 


4-624A.9 

S21 





TABLE 624B-1 (Continued) 


APOLLO GAN Specification 
ND1002319 REV 


DISPLAY 

ALT SAVE 4XXXXXXXXX.XXX FT 

FIN ALT ±XXXXXXXXX.XXX FT 

FORVEL ±XXX.XX FPS 

LATVEL ±XXX. XX FPS 

CDUXXXX.XXDEG 

CDUYXXX.XX DEG 

CDUZ XXX. XX DEG 

N/A 

RR TRUN XXX. XX DEG 

RR SHAFT XXX. XX DEG 

N/A 

N/A 

N/A 

N/A 

REDO CTR iXXXXX 

FAIL REG XXXXX 

LMPCMD XXXXX 

IGN PIP FAIL QH ( ) 

N/A 

IGN I-CDU FAIL ON ( ) 

IGN IMU FAIL ON ( ) 

INITIALIZE ISS ON ( ) 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

i 

DATA MANIPULATION 

See Note ( ) 

} (c)SF- 2.345 FT . 

^ (c) SF-2.345 FT 

CTDEC SF - 0.5571 FPS 
CTDEC SF - 0.5571 FPS 

<k) 

(k) 

(k) 

None 

<k) 

<k) 

None 

None 

None 

None 

CTDEC SF - 1 

CTOCT 

CTOCT 

<a) 

None 

(a) 

(a) 

(a) 

None 

None 

None 

None 

None 

None 

BIT (S) 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-18 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1 

2 

3 

4 

. 6 

7-15 

1-15 

1-15 

1-15 

1-15 

1-15 

WORD NAME 

ALTSAVE (MS) 
ALTSAVE + 1 (LS) 
FINALT (MS) 
FINALT + 1 (LS ) 
FORVEL 

LATVEL 

CDUX 

CDUY 

CDUZ 

OPTY 

RR TRUN 

RR SHAFT 

STATE 

STATE + 1 

STATE + 2 

STATE + 3 

REDO CTR 

FAIL REG 
LMPCMD 
IMODES30 
IMODES30 
IMODES30 
IMODES30 
IMODES30 
IMODES30 

LAST YCMD 

LAST X CMD 

TANG 

TANG + 1 

THETAD 

WORD 

NUMBER 
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DISPLAY 

s 

asf ss t 

l s s {m i b 

g .8 1 p § 

J r g j . ip 

° _ H 0&6 wgwj B 0 

hmh 3 & * 2 3 9 3 9 * 

SSi n * * IkIxnS 

* fc % % fc > fc GO 2 W fc 5555 5 55 < 55* 55 55 S5 S5 S5 § 3 § 3 3 3 

DATA MANIPULATION 

See Note ( ) 

None 

None 

None 

None 

None 

CTDEC SF - 1000/2 14 MERU 
None 

CTDEC SF « 1900/21* MERU 
None 

CTDEC SF - 1000/21* MERU 
None 

None . 

None 

CTDEC SF - 1 

None 

CTOCT 

None 

CTOCT 

None 

None 

None 

None 

None 

1(0. ..il"-«•“>*«* 

J ' ' lSF-+1.2525 FPS 

}(c) SF-+0.8571 FPS 

J (C) SF-+1.079 FT 

BIT (S) 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

WORD NAME 

THETAD + 1 
THETAD + 2 
DELVX 

MARKSTAT 

XY MARK 

DRIFT 0 

DRIFT 0 + 1 • 
DRIFT 1 

DRIFT 1 + 1 

DRIFT 2 

DRIFT 2 + 1 
TORQUE 0 

TORQUE + 1 

ANG Z 

ANG Z + 1 

ANG Y/PIPA N 

ANG Y + l 

ANG X/PIPA E 

ANG X + 1 

V LAUN 

V LAUN + 1 

V LAUN + 4 

V LAUN + 5 

R STACK (MS) 

R STACK + 1 (LS) 

R STACK + 6 (MS) 

R STACK + 7 (LS) 

R STACK +12D (MS) 
R STACK +13D (LS) 
R STACK +18D (MS) 
R STACK +19D (LS) 

_ w 

i S 

ssssssgsssssssssgsssssssgeggsgg 
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ASSS22S2S2S si 2223223:3 


lO 

«H 

I 


H N n ^ lO t* 


S PC pip pC PC PC pc PC PC 9 PC £ pp PC PC £ pc pc pc frl w m m m m 

ooooououoSSoSS8SSS3SSS88S 


sss*i ggggg S g SS§§ 
aaaahhhhhhhhhhhh 


:s 
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TABLE 624B-1 (Continued) 

NOTES: 


N/A 

Not Applicable 

CTDEC 

Convert the word to decimal considering the word to be a 14 bit 
number with a sign bit in bit 15 and that if the sign is negative 
(bit li * 1) the 14 data bits are received as the 2*s complement. 

CTOCT 

Convert the 15 bit number to OCTAL 

SF 

After converting the number to decimal, multiply by the scale 
factor indicated. 

(a) 

If the bit indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. . 

(c) 

Combine the 14 magnitude bits of the most significant (MS) part with 

14 magnitude bits of the least significant part (LS). The decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. The signs appear in bit 15 
of each word. See "Remarks" for a method for handling double 
precision words. 

<®> 

NOTE: This double precision word must be scaled two ways, 
bach of which is displayed. 

(*) 

Store bit status for GAN 631. 

fe> 

Store values for GIN 602 

(h) 

Store bit status for GAN 622 and 632. If.the indicated bit is a one, 
set the SGS Discrete for VERB-NOUN FLASH. If the bit is zero * 
clear the discrete. . * 

(i) 

If the bit indicated equals one, set the SGS Discrete that displays the 
word in the display column. If the bit equals zero, remove the 
appropriate SGS Discrete. 

0) 

These bits must also be displayed as follows: 


IBS MODE XX where X is a *0* or *1' for the 

bit indicateaby the subscript. n 

(k) 

Treat this word as an unsigned 15 bit counter, convert to decimal 
and multiply by 360°/2^ 

a> 

Store bit stains for GAN 631. If the bit indicated equals one. Hook 

Uplink is "ON", if the bit indicated equals zero, Block Uplink is "OFF*. 
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TABLE 624-200-1 (Continued) 


WORD 

number 

WORD 

NAME 


1 DATA MANIPU 

LATION 

DBPLAY 


Code* 

Scale Factor 

See Note ( ) 

86, 166 

CHARNEL 31 

16 

C2, 



ATT CONT DET-—-(ON) 




C20 




87, 187 

CHANNEL 32 

1 

C2, 



JETS 2-4 FAIL-(ON) 




C20 




87, 187 

CHANNEL 32 

2 

C2, 



JETS 5-8 FAIL—-(ON) 




C20 




87, 187 

CHANNEL 32 

3 

C2, 



JETS 1-3 FAIL-(ON) 




C20 




87, 187 

CHANNEL 32 

4 

C2, 



JETS 6-7 FAIL-;ON) 




C20 




87, 187 

CHANNEL 32 

6 

C2, 



JETS 14-16 FL-(ON) 




C20 




87, 187 

CHANNEL 32 

6 

C2, 



JETS 13-16 FL--(ON) 




C20 




87, 187 

CHANNEL 32 

7 

C2, 



JET8 9-12 FL-(ON) 

87, 187 

CHANNEL 32 


C2, 



JETS 10-11 FL-(ON) 




C20 




87, 187 

CHANNEL 32 

9 

C2, 



. GIMB OFF—(ON) 




C20 

V 



87, 187 

CHANNEL 32 

10 

C2, 

C20 



1AFP GIMB FAIL-(ON) 

87, 187 

CHANNEL 32 

11-15 

C20 



N/A 

88, 188 

CHANNEL 33 


C20 



N/A 

88,188 

CHANNEL 33 

2 

C2, 

C20 



RR ON/AUTO-(ON) 

88, 188 

CHANNEL 33 

3 

C2, 

C20 


* 

RR RANGE LO-8C—(ON) 

88, 188 

CHANNEL 33 

4 

C2, 



RR DATA GOOD--(ON) 




C20 




88, 188 

CHANNEL 33 

6 

C2, 



LR ALT D OK-(ON) 




C20 




88, 188 

CHANNEL 33 

6 

C2, 



LR POS 1-(ON) 




C2Q 




88, 188 

CHANNEL 33 

7 

C2, 



LR POS 2-(ON) 




C20 




88, 188 

CHANNEL 33 

8 

C2, 



LR VEL D OK-(ON) 




C20 




88, 188 

CHANNEL 33 

9 

C2, 



LR ALT LO-6C-;ON) 




C20 




B8, 188 

CHANNEL 33 

10 

C2.C25 



N/A r . 




C20 




B8, 188 

CHANNEL 33 

11 

C2, 



UPLINK FAST-(ON) 




C20 





* Refer to Table 624-200-2, 
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TABLE 624-200-1 (Continued) 


WORD 

NUMBER 

WORD 

NAME 

BIT|8) 

■ff 


WJH3BI 


Code* 

Scale Factor 

See Note ( ] 

DISPLAY 

103 

COMPTORK 

1-15 

C4, 



fCOMPTORK aXXXXX 

10* 

COMPTORK +1 

1-16 

C5 

1/2 7 


> 

106 

COMPTORK +2 

1-15 

C4. 




106 

COMPTORK +3 

1-15 

C5 

1/2 7 


^ aXXXXX 

107 

COMPTORK +4 

1-15 

C4 # 



, aXXXXXGPLS 

108 

COMPTORK +5 

1-16 

C5 » 

1/2 7 


{ 

109 

FAILREG 

1-15 

N/A 



N/A * 

110 

FAIL REG +1 

1-15 

N/A 



N/A 

111 

FAILREG +2 

1-15 

N/A 



N/A 

112 

ALMCADR 

1-15 

N/A 



N/A 

113 

ALMCADR +1 

1-15 

N/A 



N/A 

114 

ERCOUNT 

1-16 

N/A 



N/A 

115 

PIPAX 

1-16 

C7 



PIPA CTR aXXXXX 

116 

PIPA T 

1-15 

Cl 



aXXXXX 

117 

PIPA Z 

1-16 

Cl 



aXXXXX 

118 







119 

STATE +4 

1-4 ' 

C26 

' 


N/A 

119 

STATE +4 

5 

Cl, 



IGN DELAY ON ( ) 




C20 




119 

STATE +4 

6 

Cl, 



RCO NOT CNTRLD ON ( ) 




C20 




119 

STATE +4 

7 

Cl, 



EXT TRGT SETUP ON ( ) * 




C20 




119 

STATE +4 

8 

Cl. 



LAMB TRGT ON l \ 


I 


C20 




119 

STATE +4 

9 

Cl, 



TGO EST ON ( ) 




C20 




119 

8TATE +4 

10 

C20 



N/A 

119 

STATE +4 

11 

Cl, 



TRF ANG GT 180 ON ( ) 




C20 




119 

STATE +4 

12 

Cl, 



GUESS AVAIL ON ( ) 




C20 




119 

STATE +4 

13 

Cl, 



1st LAMB 1 ON ( ) 




C20 




119 

STATE+4 

14 

Cl, 



LAMB COMP ON ( ) 




C2Q. 




119 

STATE +4 

15 

Cl, 



LAMB RTN NCON ON ( ) 




C20 




120 








• Refer to Table 624-200-2. 
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TABLE 624-200-2 (Continued) 


GENERAL NAME 

SUGGESTED 

CODE 

DESCRIPTION 

WORD 85 end 185 

C23 

Bit 9 la aaved for G/N 631, then prooeaaed aa a 
regular event. 

WORD 101 end 102 

C17 

Store vahiee for GAN 602. 

WORD 82 and 182 

CIS 

i 

These bits must also be displayed as follows: 

IS8 MODE X g Xq Xg X4 Xj Xj where X„ is a "0 M 
or "1" for the bit indicated by the subscript. 

FILE CODE 

C20 

File with time tag. 

WORD 88 AND 188 

C25 

Bit 10 is saved for GAN 631. 
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and required control bit* as shown below. 


2 2 3 

X 


G&R UPLINK WORD FORMAT 


xxxx 


G&N 

Buffer 

Code 


X 

o/f 

Bit 


xxxxx XXXXX XXXXX XX 2 x 
w ^ 

15-Bit Conmand Control 
Bits 


Prior to transmittal of a sequence of command words, a 
check is made on the QC discrete "BLOCK UPLINK". If 
this discrete is "ON", then a non-verify display will 
occur on the K-START, the keycode will not be transmitted 
and a normal system recording will occur on the conmand 
tape as specified in Table 631-1. 


If UPLINK is not BLOCKED, a sequence of tests are made 
on the incoming keycodes to determine if the conmand 
sequence contains a V 36 . If so, two GC discretes are 
monitored, namely the "Gimbal Lock" and the "IMU 
Operate". If both discretes are set to a "ON" state, 
then a "non-verify" display will occur on the K-START 
and the next keycode will not be transmitted Uplink. 
Another discrete is monitored, the "Operator Error" 
flashing discrete. An error status will cause this 
subprogram to terminate the processing of GC commands 
by inhibiting further K-START data entry with a 
"non-verify" signal. A normal system recording will 
occur on the command tape as specified in Table 63 I-I. 

The final discrete tested Is UPLOCK, A "ON" state 
will result in a test for an "alarm reset" keycode. 

If this code is available, *then two conmands will 
be transmitted at the correct frequency. The first 
conmand will aero the GC Uplink register and the 
second, namely, the "reset" keycode will possibly 
reset the alarm indication triggered by UPLOCK. 

The "OFF" state for this discrete, will allow the 
subprogram to continue and transmit the commands to 
the GC with subsequent recordings on the command tape. 

The K-START module is sealed after receipt of a keycode 
to allow the correct transmission frequency to the GC 
to be utilized. The sealing can occur as soon as a 
"good" CSR is received from the ETCS, after which a 
time delay is utilized to give an approximate maximum 
input rate to the GC of six keycodes / sec. 

A "bad" CSR response should cause the K-START to 
display a "non-verify" and subsequently be unsealed, to 
allow further operator action to be taken. It should be 
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noted at this point, that as the state of the above 
mentioned discretes can change at a maximum of only 
once every second, approximately eight commands 
could be transmitted Uplink before repeating discrete 
testing. Figure 63I-I is given as a representative 
flow, to convey the intent of the subprogram operation. 


Operator Action: During the processing of the input keycodes a test is 

made to determine whether the range time since "Sealing" 
the K- START module is greater than or equal to the time 
delay factor entered via C-START. If so, the verify 
indication is displayed and the subprogram then transfers 
control to the Uplink Executive program. If not, the 
module remains "Sealed" to inhibit further input through 
the K- START module until the time delay elapsed. 

This regulates the input rate of keycodes to the GO. 

A nominal time delay factor is 90 milliseconds. 

Console Operator: Operator action is required to 
initiate this sub-program by entering data via the 
K- START module keyboard or tape reader. 

, When a NON-VERIFY display occurs, further character 
, entry is allowed after depression of the NON-VERIFY 

switch. 

For tape mode of operation enter 3100000XXX into 
C-START. XXX is the time delay factor in milliseconds. 

The operator's responsibility includes the monitoring 
of displays and the initiation of procedures based 
upon the display interpretation. Normally the status 
of the "BLOCK UPLINK" CRT display should be reviewed 
by the operator prior to insertion of data through the 
K-START module. However, this K-START subprogram will 
monitor this discrete, and inhibit any data transfer 
if this discrete gives an "ON" condition. The 
"non-verify" display which occurs under this condition 
will then be reset by the operator. If the "Operator 
Error On" condition appears, this subprogram will 
inhibit data transfer through the K-START with a non- 
verify. The operator will reset this "non-verify" 
switch and Insert a "reset" keycode to clear the 
"Operator Error" display. Then correct the illegal 
data sequence and re-enter through the K-START. 


4 - 631 .* 
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An UPLOCK display will again Inhibit data transfer 
through the K-START. The operator will reset the "non- 
verify and insert a "reset" keycode to clear the 
discrete. The subprogram will then transmit a "sero" 
message followed by the "reset" keycode. This my reset 
the UPLOCK" discrete and the operator can continue 
his interrupted sequence of commands by re-insertin* the 
previous keycode. 

Tito other conditions cause this subprogram to inhibit 
data input through the K-START, they are a parity error 
and an invalid keycode. Hie operator will release the 
non-verify and apply corrective measures to the input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Biter" sequence after 
monitoring the "Gimbal Lock" and "IMU Operate" discrete 
displays. 

Commands inserted via the keyboard will be verified by 
means of the "closed loop" display, which depicts the 
GC DSKY status on the CRT, prior to depression of the 
Enter keycodes. The punched tape input, if visual 
verification is desired, should contain strategically 
located stop" codes in the Verb/Noun and parameter 
sequences, to allow the operator time to perform 
verification. 

Spacecraft Operator: Ro activity required. 


UEUnK Requirements: BTCS Tran.Bl 8 .ion: Th. data vord tranaaltted to th. 

G&N buffer is identified in the Co^mtation Sequence 
and will be generated as required. 

ETCS Stimuli: None 

Transmission Time: During G&N testing this will be 
specified in the Operational Checkout Procedure. All 
other times will be as required. 

Filing: 1 ) All K-3TAOT corand lnforaatloo will b. 

recorded on the coenand tape. 

2 ) Additional recordings for error conditions ^ 
discrete inhibits are specified in Table 631 - 1 . 


4-631.5 


356 



Apollo G&N Specification 
ND 1002319 Rev. r 


Downlink Requirement#: CRT Displays: 

1. The time delay factor in XXX milliseconds and 
the appropriate nomenclature. 

2. Program error displays as specified in Table 631 -I. 

The Program Requirements Process Specification contains 
the CRT page and line, information. 


Remarks: 


Definition of Flow Chart Symbols 


Symbol 


Definition 

KEYWORD 


Contains current keycode to be processed, 

ZfROODE 


Uplink conmand to zero the LGC TnUnft 
register for resync purposes. 

UPCOM 


Contains conmand word content. 

Channel 30 

Channel 11 

UPLOCK 

DSFTAB +11 

GC Discrete registers, processed by 

G&N 224a, 624a, 624b or 624-200. 
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Thble 631-1 

CRT Error Display Definition 


Error or Discrete 

CRT 

Display 

K-START 

Module Display 

Command Tape 
Edit 

Odd parity does not exist 
in the data frame received 
from K-START module. 

PARERR 1 

Non-Verify 

631, PARERR 1, 
Time Ref. 

An invalid GC keycode has 
been received by this sub¬ 
program. 

KEYERR 1 

N6n-Verify 

631, KEYERR 1, 
Time Ref. 

An illegal entry of a 

V36E has occured. 

KEYERR 2 

Non-Verify 

631, KEYERR 2, 
Time Ref. 

No keycodes can be 
received by the GC via 
Uplink, therefore further 
keycode entry through the 
K-START is inhibited. 

BLOCK 

UPLINK 

ON* 

Non-Verify 

631, Block 
Uplink Time 
Ref. 

This indicates than an 
incorrect keycode loading 
procedure has occured and 
entry through the K-START 
is inhibited. 

OPERATOR 
ERROR OR* 

Non-Verify 

631, Op. Error, 
Time Ref. 


♦These CRT discrete displays are set by G&N 224 a, 624a, 624b or 624-200 
ACE-S/C Downlink Interpretation Program. 
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Title : 
Part Of: 


Downlink Format and Interpretation Subprogram G&N 721 
Downlink Program 


Purpose : 


The subprogram accepts each block of five 8-bit G&N 
T/M words (G&N Computer Data), reformats the block 
into two 16-bit G&N Computer words and checks parity. 
A check for the correct data sequence and a valid ID 
Block is also made. After these checks, the 16-bit 
words are available for interpretation as defined on 
the Downlink Requirements Cards or routed to sub¬ 
program G&N 722 for further processing. If any of 
the checks fail, an error flag is set. 


Calling Sequence : 
Entry: 


This subprogram operates under Downlink Executive 
Program Control and is initiated upon receipt of an 
Executive Program interrupt. 


Data: 

Input: 

(a) A sequence of five 8-bit G&N T/M vords (one 
block) is received each prime frame. The number of 
blocks for each downlist and the content of each block 
will be specified on the Downlink Requirements Cards. 
TOie first block in a downlist will be the ID block 
which identifies which downlist is to be processed. 

(b) Notification upon loss of a block (Prime Frame). 
Output: 

(a) Valid data is available for interpretation as 
specified on the Downlink Requirements Cards or 
transmitted to ACE-s/c Subprogram G&M 722 for further 
processing and display. 

(b) Error conditions will be displayed and recorded. . 
Return to Executive Program Control. 

None. 


Normal Exit: 
Error Exit: 


Computation Sequence: 


General: 


The program receives blocks of five 8-bit T/M words, 
with the following configuration: 


WORD 1 

woe 

15 

14 

WORD 2 

8 

7 

6 

WORD 3 

P 

15 

14 

WORD 4 

8 

7 

6 

WORD 5 

P 

X 

X 


13 

12 

11 

10 

9 

5 

4 

3 

2 

1 

13 

12 

11 

10 

9 

5 

4 

3 

2 

1 

X 

X 

X 

X 

X 
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Where VOC - Word order code (l-bit) 

P - Parity (G&N words have odd parity) 

X ■ Not used 

The ID block contains a zero WOC, two 16-bit words 
including parity bits (p) and seven unused bit positions 
(X)# Word 1 contains the data list address in bit 
positions 15 -I and parity (p) in bit position zero. 

Word 2 contains a fixed bit pattern sync word (00437 ) A 
in positions 15-1 and Parity (P) in bit position zero; 
Word 1 precedes Word 2 in the data block transmission. 
The word order code (W3C) bit contains a 0 for all ID 
blocks. An example of the ID block and word format is 
shown below: 


Data List Address 
(00236) Q 


Fixed Bit Pattern 

( 0 * 37)8 


(bits )V 15 


j*“J- T/M !■+* T/M Word 2 -sJ^t/m Word 3 -a^s-T/M Word 4 t/m Wbrd 5 VJ 

•JO j*-— G4N Vford 1 -4*-G&H Hbrd 2 -4*. Hot Used -J 

' I 


The data blocks contain a WOC, two 16-bit words including 
parity bits (p) and seven unused bit positions (x). 

Word 1 precedes Word 2 in the data block transmission. 

The word order code (WX) bit contains a 1 for all 
Data Blocks. An example of the Data Block and word 
format is shown below: 

-DATA BLOCK ---.- 


H*f-T/M Word -T/M Word 2-s^-t/M Wt>rd 3 -^T/M Wbrd 4 — +U t T/M Word 5H 

• 1 I • i i . 1 


G&N Word 1- 


-G&N Word 2 


■Not Used 
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Logic Sequence: 


The G&N Computer dovnlist content la specified on the 
Downlink Requirements Cards referenced by the ID word. 
The position of the G&N Computer word in each fixed 
length list determines whether the word is to be used 
for data monitoring and processing or sent to G&V 
722 for DSKY display monitoring. 


1. Upon initial entry, for a decomautator "loss'of sync" 
or under conditions as specified in steps 3 and 4 below, 
wait for an ID block which has a word order code of 0 
then initialize a word counter. If no requirement for 
this step, proceed to step 2 . 


2. Under normal conditions or successful 
of step 1 above, check parity of both the 
G&N Computer words of the block. If this 
display VDRDERR 1 and file WORDERR 1 with 
mation defined under filing requirements, 
step 3 , 


completion 
1 st and 2 nd 
check fails, 
the infor- 
Proceed to 


3* For a WOC - 0, perform ID check for: 

a. Correct data list address In bits I -15 of 1st 
word in the ID block. 

b. (00437) 8 In bit. I -15 of tb. £nd vord In tbo 
ID block. 

If either of the above checks fail, display WORDERR 2 
and file VORDERR 2 with information defined under filing 
requirements. Return to wait routine specified in step 
1 above. 


If ID check passes, check that an ID block has not been 
received too soon. 

If it has been received too soon, display SYNCERR 2 
fLLe SYNCERR 2 with the information defined under 
filing requirements and proceed as if it had been in 
the correct sequence. If the ID block is received 
in the correct sequence, initialize the word count for 
processing data blocks and return to Exec, program control. 

4. For a VOC^ 0, use word count to determine if cm ID 
If it; display SYNCERR 1 and file 
SYNCERR 1 with the information defined under Filing 
Requirements. Return to 'wait routine' specified in 
step 1 above. If no ID block was expected, proceed to 
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5. DSPTAB words *0 thru ♦lOD are to be sent to G&N 
722 along with the identifier after taking the 
ones complement of the DSPTAB word if bit 15 is 
a one (1). All other words are to be processed 
per the Downlink Requirements Cards. 

6 . When G&N Computer power is off, all bits in the 
T/M word blocks will be zero causing a constant 
WORDERR 1 and 2 display. If this condition 
exists, the error should be filed o nly once 
per minute. 

7. When the G&N Computer is in STANDBY, all the bits 
in the T/M word blocks will be ONES, causing a 
constant WORDERR 1 and SYNCERR 1 display. If 
this condition exists, the error should be filed 
once per minute. 

Downlink Requirements: , 


Measurement ID: 
Display: 


Filing: 


Specified on the Downlink Requirements Cards. 

This information is detailed in the computational 
sequence description and consists of program error 
displays as specified in Tfcble 721-1. The Downlink 
Requirements cards shall contain the display require¬ 
ments. 

Upon detection of an error, the appropriate Information 
is recorded on the file tape as specified in Table 
721 - 1 . 
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TABLE 721-1 


ERROR DESCRIPTION 

DISPLAY 

FII2 TAPE 

This indicates that Word count 
has incremented beyond a 
specified limit, with no ID 
word detected. 

SYNCERR 1 

SYNCERR 1, Time Tag 
reference. Word Count, 

ID block. 

At this point Word Count , 

has not reached its specified 
limit, but an ID block has 
been received. 

SYNCERR 2 

SYNCERR 2, Time Tag 
Reference Word count, 

ID block. 

Parity is incorrect in the 
lat or 2nd G&Ii Computer word 
of either an ID Block or a 

Data Block. 

WORDERR 1 

! 

WDRDERR 1, Time Tag 
Reference, Block 
count, ID or Data 

Block containing the 
parity error. 

The content of the ID 
block is not correct. 

WORDERR 2 

WORDERR 2, Time Tag 
Reference, Word count 

ID Block. 
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Title : 
Part of : 
Purpose : 


Calling Sequence : 
Entry: 


Data: 


Normal Exit: 
Error Exit: 


Computation Sequence: 


Display Program (DSPTAB) GAN 722 
Downlink Program 

Tfce Display Program interprets all DSPTAB words 
that are detected as such by the Downlink Format 
Program and generates displays identical in content 
and format to the on-board spacecraft DBKY displays. 
This program provides ACE-S/C ground station test 
personnel the capability of continuously monitoring 
all spacecraft keyboard displays. 


•nils program is activated only by the Downlink 
Format Program whenever program display words are 
to be interpreted. 

Input: Inputs to the Display Program shall consist of 
a complete 16-bit Downlink DSPTAB word and identifier. 

Output: Coded information to be displayed. 

Return to the ACE Executive Program. 

Error conditions shall cause error information to 
be displayed and recorded on the file tape. After 
error recording, control is returned to the ACE 
Executive Program. Error messages are detailed 
in Thble 722 - 3 . 

Activation of the Display Program is attained via 
the Downlink Format Program. Inputs to this program 
will be the 16-bit Downlink word and an identifier. 

The identifier specifies which DSPTAB word in the 
Downlink list is to be processed. 

The 16-bit Downlink DSPTAB word consists of four 
parts of coded information plus a parity bit. The 
four parts are: 

1. Bits 15-12: The address in these bits is not 
used. 

2. Bit 11: The special code in this bit specifies 
a particular discrete associated with the 
DSPTAB word. 
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3« Bits 10-6: Represent Display Codes vhlch are 
associated with specific Display Names. These 
codes specify the mineric character to be 
displayed in accordance with Table 722-2. 

Bits 5-1; Same as bits 10-6 above. 

Since the contents of the DSPTAB table is sequentially 
transmitted Downlink, the Downlink Format Program 
shall supply this subprogram with the DSPTAB contents 
(display word) and identifier. The display word 
associated with each DSPTAB is defined in Tfeble 722-1. 

Upon entry from the Downlink Format Program, the 
display program shall check the identifier to determine 
which of the 11 DSPTAB words has been received. 

The logic sequence for the DSPTAB Words depends on 
the state of bit 11. Below is a brief description 
of the action to be taken. 

DSPTAB DSPTAB WORD ACTION 

♦2,+b,*9D or +10D The special code bit (bit 11), 

of these 4 DSPTAB words, is 
not applicable, therefore 
perform sequence 1 as 
described below. 

*7 Bit 11 is not applicable, 

therefore perform sequence 2 
as described below. 

♦1, or **6 Bit 11 of these DSPTAB words 

is interpreted as follows: 

Bit 11-1, Set sign indicator 
of R to plus. Bit 11-0, 
do not change the sign indicator 
Of R. 

Perform sequence 1 as described 
below. 

**0#*3 or -*5 Bit 11 of these DSPTAB words 

is interpreted as follows: 

Bit 11-1, set sign indicator 
of R to minus. Bit 11 - 0, 
set sign indicator of R to blank. 

Perform sequence 1 as described 
below. 

NOTE: With DSPTAB +5 and 46 set the sign of Rl; 

DSPTAB +3 and *4 set the sign of R2; 

DSPTAB +0 and ♦! set the sign of R3. 
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. Sequence 1 - extract* the relay code corresponding 
to bits 10-6 of the Downlink word and check* it 
against Table 722-2 for legality. If the code i* 
legal the indicator is set to display the digit 
fron Table 722-2 followed by a transfer to sequence 
2. If the code is not legal clear the sign display 
indicator and Initiate a relay-error exit. 

(See Table 722-3) 

Sequence 2 - extracts the relay code corresponding 
to bits 5-1 and checks it against Table 722-2 for 
legality. If the code is legal the indicator is 
set to display the digit from Table 722-2 followed 
by a return to the ACE Executive Program. If the . 
code is not legal, clear the sign and first digit 
display indicators and initiate a relay-error exit. 
(See Table 722-3) 

Option - at the option of the operator an R-START 
may be used to transcribe the entire display on to the 
file tape. Oils R-START will be Interrogated after 
the processing of the 11th display word. If the 
R-START is selected and the CRT display has changed 
since the last recording, the entire display is to be 

• recorded (including FLASH and UPLINK indicators). 

If either the R-START is not selected or the display 
has not changed, no recording should be made. The 

• recording should be prefaced by 722 Display Recording. 


Operator Action : 

Console Operators The operator shall have the option of transcribing 

the entire display on file tape by use of an 
R-START as explained under "option" of the "Computation 
sequence". 


Downlink Requirements : 

Display: Display the results of the "computation sequence" 

sequence 1 and 2. 

Filing: The results of this subprogram shall be filed as 

explained in the "computation sequence". 
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TABLE 722-1 
TABLE OF DISPLAY WORDS 


DSPTAB 

Address 

Bits 15-12 
Binary Code 

Special Code 
Bit 11 

Display Name 
Relay Code for 
Bits 10-6 

Display ] 
Relay Co< 
Bits 5-1 

+10D 

M 

. . 

. MDl 

MD2 

♦ 9D 

0 

- - 

VD1 

VD 2 

♦ 8 D 

T 


, ND1 

NIC 

♦ 7 


- - 

- - 

R1D1 

♦ 6 

U 

+R1 

R1D2 

R1D3 

♦ 5 

S 

-R1 

R1D4 

R1D5 

♦ 4 

E 

-*2 

R2D1 

R2D2 

♦ 3 

D 

-R2 

R2D3 

R2D4 

♦ 2 



R2D5 

R3D1 

♦ 1 


♦R3 

R3D2 

R3D3 

«■ 0 


-R3 

R3D4 

R3D5 



TABLE 722-2 




5 BIT RELAY CODES 

FOR NUMERIC CHARACTER DISPLAY 



CODE 


CHARACTER 



00000 


BLANK 



10101 


0 



00011 


1 



11001 


2 



11011 


3 



01111 . 


4 



11110 


5 



moo 


6 



10011 


7 



11101 


8 



mil 


9 
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TABLE 722-3 


ERROR DESCRIPTIOM 

DISPLAY 

FILE TAPE 

A word has appeared 
containing a relay code 
which is not in 

Table 722-2. 

RELERR1 

722 RELERR1, 16- 
bit word, time tag, 
and D6PTAB number. 
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Title: 

Purpose: 

Input: 

Output: 

Normal Exit: 

Error Exit: 

Description: 
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EXECUTIVE SEGMENT 

The purpose of the Executive Segment is to prepare the Edit Parameters 
for use by the Presentation Segment, processes the Control Carcto, and 
to extract and validate the required CGC/LGC data from the PCM Data 
Tape. 

The inputs to this segment are: 

1) Downlink Edit Format and Requirements Tables (Edit Parameters) 

2) - Data Definition, Title and Time Cards (Control Cards) 

3) PCM Data Tape or Compressed Data Tape oowtalnlmr tbs CGC/LGC data 
to be prooessed. 

The outputs from this segment are: 

1) Edit Parameters for use fay the- Presentation Segment 

2) CGC/LGC data extracted from the PCM Data Tape or Compressed Data Tape 

3) Error signals for any discrepancies found in the Edit 
Parameters, the Control Cards, and the CGC/LGC data. 

The normal exit from this segment is to the Presentation Segment. 

The normal program halt occurs when the last time interval 
has been satisfied. 

Error signals are generated for discrepancies found in the Input Cards, 

PCM or Co mpr esse d Data Taps Daia» Tim Error Exit As to the Pnm—Utlon 
Segment. 

The CGC/LGC data consists of two types of words: 

1) Identification Words (2): These words indicate the type of downlink 
transmission (List) and signal the start of the data transmission. 

2) Data Words (98 to 398): Actual CGC/LGC words. The position of a 
data word in a List identifies its content. There is a unique Word Order 
Code associated with each type of word. 

The first card to be input is the Data Definition Card. This card identifies 
the posltion(Tlme Slot) of the CGC/LGC words in a Prime Frame of PCM 
Telemetiy Data, . 4 t. kj. 

The List being sent changes during the various phases of a mission program. 

A set of Edit Parameters is required for each List. The number of Lists 
to be used during the missions utilizing Block II Computers is not known; 
as a preliminary estimate, this program should be able to accomodate up 
to twenty different lists of variable lengths from 100 to 400 words. 
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Time: 


A set of Edit Parameters for any List will consist of: 

1) List tD card - This card contains the bit configuration (In octal) of 
the ID Words of the List for which the tables following this card are to 
be used, and the length of this list. 

2) R cards - These cards define the print format of the for the 
particular list. 

3) ENG card - These cards define the English phrase interpretations 
for the particular List. 

4) E Cards - These cards define the processing requirements for the 
particular List. 

5) END Card - This card is the last card of the set of Edit Parameters 
for the particular List. 

This sequence of cards will be repeated for each List. 

Run cards to be Input with each run will consist of: 

1) G6N card - This card will contain the description of tbs particular 
run and will be used as a page heading on the output listing. 

2) TIME cards - These cards will designate the data to be processed. 

Each card will contain a start and a stop time in hours, minutes. 
seconds. If more than one TIME card is used, the times specified will 
not overlap aad will be in sequence. 

3) END OF RUN card - signals the end of the Control Cards. 

Appropriate validity checks should be made on the format of these canto. 

Any card error will suspend the processing of and PCM or Compressed Data 
Tape Data, but aU canto should be scanned aad ail errors displayed even though 
no data will be processed. 

Usage of the Downlink Edit Program - Block I has shown that the Edit 
Parameters tend to be fixed once the data content of the Downlink is known. 

New sets of Edit Parameters will be used only for special applications. 

The Executive Segment should process the Downlink Edit Format Tables 
and the Downlink Requirements Tables and save them on tape so tb?t sub¬ 
sequent runs with the same type of data may be made with no reprocessing 
of those cards. 

There is a time signal on the PCM Data Tape and the Compressed Data Tape and 
tb. ttm. «f tnnmnimiMi of Meh COC/LQC word M b. datemlMd, This time 
is matched to the time intervals requested to determine what is to 
be processed. Data should be processed from the first ID following the 
start time to the end of the Downlist after the stop time. The time occurrence 
of the ID Word must be available to the Executive Segment. 
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Formats: 
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Data Definition Card - This card locates the two sixteen bit CGC/LGC 
words and the Word Order Code (WOC) contained In the 40 bits defined. 

This card also will define the representative WOC bit for ID Worcb. 

That is, the bit (0 or 1) indicated will be in each bit position of the WOC 
for ID Words, The 5-8 bit words will be considered as Individual bibs 
numbered 1 to 40 with the left most bit of the first word called btt 1 and 
numbered consecutively to the right most btt of the fifth word, bit 40. 


Columns 

Contents 

Comments 

1 to4 

DATA 

defines card type 

9 to 11 

PCM 

oomment 

IS to 19 

XXX-XXX 

First and last time slots of 
the 5-8 bit GAN PCM Words 

22 to 25 

WRD1 

comment 

27 to 31 

xx-xx 

first and last bit position of 

CGC/LGC word 1 

34 to 37 

WRD2 

comment 

39 to 43 

XX-XX 

first and last bit position of 

CGC/LGC word 2 

46 to 46 

WOC 

comment 

50 to 54 

" t 

xx-xx 

first and last bit position of 
word order code 

57 to 61 

IDWOC 

comment 

63 

X 

WOC representative bit for ID Words 


Comments need not be checked for. The CGC/LGC worcb should be 16 bits 
in length, the word order code may be from 1 to 8 bits. All WOC bits will 
be identical if more than one is specified. The representative WOC bit for 
ID words is supplied. Data word WOC is assumed to be the complement of 
the ID WOC. See card example page for further ftUrtficntlon^ 
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A Downlink Edit Format Table is required for each Downllet to be processed, 
lfcis table specifies the fixed format layout of the edit listing. A field 
vidth of 120 print characters is required. The spacing alloted between the 
title entries of this table is for the insertion of the CGC/LGC data as 
processed by the Presentation Segment. This table is composed of R cards. 
Ihese cards provide the titled entries for the edit listing. Ho more 
two cards are used to define any single line of the listing. The set of R 
cards for any Downlist will not define over JO lines tneinrHwg spacing for 
each page• 


Columns 


Contents Comaents 


1 

6, 7 

8 

9 to 80 


R 

XX 

y 


defines card type 
line sequence number 
print control 
fixed format layout 


where: XX R cards for a particular List are in sequence by this number. 

Ifcis number is used by the E cards to identify the lines on which the pro¬ 
cessed data will be displayed. 


F • bl ank or 1, skip one line after printing 

• 2,3, skip two lines after printing 

• **>5,6,7, skip four lines after printing 

• 8, skip to next page after printing 

- fixed format layout of this card is the Fight, most portion 
of the previously defined 

It T i* blank or, 1 thru 8, coluns 9 thru 80 of the card will be printed in 
print positions 1 to 72. If y is 9, columns 9 thru 56 will be printed in print 
positions 73 to 120. A one l in e skip is assumed if the line sequence number 
is unique. 

If y is 9, and the line sequence number is equal to the line sequence number 
of the proceeding card, then this card defines print positions 73 to 120 of 
the previous line. 

E R 012 
R 019 
R 02 
R 039 
R Ok 
R 049 

Will define 5 lines: 

Line 1 of Print Positions 1 to 120 
Line 2 of all blanks 
Line 3 of Print Positions 1 to 72 
Line k of Print Positions 73 to 120 
Line 5 of Print Positions 1 to 120 

Hote that the maxim a occurrence of equal line sequence numbers is twice: 

Once with print control of Blank, or 1 thru 8; and again with print control 
of 9* 
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Downlink 

Requirements 

Tables: 


APOLLO GAN Spec ificat ion 
ND1002319 REV B 

A Downlink Requirements Table Is needed for each Downlist to be processed. 
This table defines the specific entries required for the edit listing by 
referencing the index number (word position in Downlist) of the wordB to be 
processed. This table specifies the exact placement, in terms of print 
Positions, of each data entry in the fixed edit format defined by the Downline 
Edit Format Table for this Downlist. This table also specifies the pro¬ 
cessing required for each data entry in the output. A Downlink Requirements 
Table is composed of E cards and ENG cards. 


Columns 

Contents 

1 

E 

9, 10 

XX 

12 to 18 

xxx-xxx 

26 to 30 

EQUALS 

32 to 34 

XXX 


Comments 

defines card type 
line number (match to R card line 
sequence number) 
print positions in output line where 
this entry is to be displayed. 

index number (001 to 400) 

For quantities to be displayed in decimal: 

M to 02 DP or SP (Double or Single Precision), 8cale Factor (sign, 

decimal point, one to ten decimal digits), power (E, sign, 
see or two decimal digits), MSB (for double precision, indicates 
most significant bits), ■ or N8 (If I, print sign, If NS treat 
word as 10 bit unsigned somber), <- 
For other quantities: 

M to 50 . XX or XX-XX or XX.XX-XX (bit position, to be oonaidered - 
leading zeros not supplied) 

OCTAL (print bits indicated in octal) or 
BINARY (print bits indicated in binary) or 
ENGn (Extract bits i ndicated and search English 
specified for match and insert associated phrase in output), 

I or bla nk (I, If bit 15 of the word is a 1, the bits 
must be complimented before prooesslig; if field is 
or if bit 16 Is 0, the bits indicated are used as is). 

Fields will be separated by oommas, and except where mentioned, lead¬ 
ing zeros will be supplied. 


The ENGn cards oontaln English phrases to be inserted in the output listing 
when certain combinations of bits are present in key CGC/LGC worcto. The 
bits for comparison and the table to be searched are by E cards. 

Columns Contents Comment 

1 to 3 ENG defines card type 

* * table number (n « 1 to 8) 

8 to 23 1 to 16 binary characters that is the bit pattern for which the 

English phrase will be substituted (bits specified nln E card 
are extracted and compared to the non-blank <v>intwn« . right 
Justified to column 23) 
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Lint Identification Card - Thin card in the first card of the net of Edit 
Parameters for a particular Downllst. The bit configurations of the ID 
Words, whose data will be processed according to the tables following 
this card, are contained in this card. ^ 


Columns 

Contents 

1 to4 

LIST 

7 to 12 

xxxxxx 

15 to 20 

xxxxxx 

S3 to 25 

XXX 


Comments 
defines card type 

bit configuration in Octal of first ID 
word 

bit configuration in Octal of second 
ID word 

Length of Downllst 


The 16 Unary bits are converted Into 6 octal character! by adding two 
Unary aeroe to the right to make 18 binary Uta E.Q. (11001000011011111 
will be in the card as 620674. ' 


End Card - This card is the last card of the set of Edit Parameters for 
a particular Downllst. 


Columns Contents 

1 to 3 ’ *. END defines card type 

The Edit Parameters for each Downllst oonslst of: LIST ID card R canto 
ENGn cards, E cards and the END card In that order. * * 
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Example 1 


Example 2 


E 02,- 018-026 EQUALS 062, DP, ♦ . 16777528E+5, MSB, S 


E - specifies requirements equals card 

02 - specifies the number of a R card entry in the Edit Format table 
which designates the line that this data is to be printed on. 
018-026 - specifies the print positions of line 02 that this data is 
to be printed in 


062 - specifies the position in the Downlink List (index number! that 
contains the data to be processed. 

DP - specifies that the cUua is double precision 

♦. 16777528 - specifies the numeric value of the scale factor 

E+5 - specifies the power of the scale factor 

MSB - specifies that word 062 is the most significant bits of the 

; r r. double precision quantity. . , , v 

S - specifies the data is a signed number 


™s <*** that the 14 data bits of word 062 and the 14 data bits 

of word 063 be combined as previously described Into a 28 bit binary 
fraction, converted to a decimal fraction, multiplied by 16777.628 and 
printed in positions 018 to 026 of line 02. 

E 61,047-062 EQUALS 029,7,5-1, ENG2 


E - specifies requirements Equals card 
61 - specifies the number of the R card entry 
047-062 - specifies the print positions of R 61 for display 
29 - specifies the index number of the data 
7,5-1 - specifies the bits to be extracted from word 029 
ENG2 - specifies the table of English phrases that is to be searched 
for the same pattern as the bits extracted. 


***** b it* 7 and 6 thru 1 be extracted from word 02*. 
Theao blta are than compared to the patterna that are part of English phrase 

^*t^ a2 ‘«. W> 7 *^ b1 * 8 *” matcbed - «*• Engllah phrase asZci.tid 
th that pattern is printed in print positions 047 to 062 of the line defined 
oy n card 61. 
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Quick Look for GUI DOWNLINK Data GUV 711 

Pur P° 8 ® 5 To.proride a proapt print out of the data filed by the 

Gan Subprogram on the UPLINK file tape. 

Calling ■ Sequence: 


totry: This program operates under Executive Control and shall 

be Initiated from the C-START Module. 

Input: The data utilised by this subprogram consists 

of the GUI data filed as DYNAMES on the UPLINK 
file tape. 

Output: The output vill consist of the following: 

1) ft’int out of any one file of data 

2) Print out of all GUI data starting at a 
given range time and continuing in 
increments of one minute to a specified 
stop time 

Beit: Return to Executive Program control. 

Error Exit: ^ None required. 


Coeqmtation Sequence: 


1) , This program will be stored on the meter program 

tape and vill be loaded into the AMP memory section 
upon initiation from a C-START module. 

2) The printout shall be considered low priority and 
shall not interrupt downlink compressed tape filing 
or the ACE station displays. 

3 ) ®*e programs shall automatically terminate if any 
UPLINK commands are transmitted. 

4) Upon completion of the print out or emergency 
termination, the AMP memory shall be available for 
other AMP sequences or load go programs. 

5) The program shall convert the output data from the 
uplink file tape and print it thru the downlink 
computer. 

6 ) The program shall translate DYNAKES records that have 
been stored by GUV DOWNLINK programs. These are 
DYNAMES 5 thru 15 inclusive and shall interpret each 
of these as follows: 


an 
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TYPE 


PRINTER OUTPUT 

BYNAMES 5 

SYNCERR 1 

WDCNT XXX^ 

“<e ““a 

BYNAMES 6 

SYNCERR 2 

WDCNT XXX 10 

WX0 XXXg 

BYNAMES 7 

MARKERR X 

WDCNT XXX^ 

“10 

BYNAMES 8 

MARKERR 2 

WDCNT XXX 1Q 


BYNAMES 9 

NQRBERR X 

WDCNT XXX 1Q 

^ “>8 «*8 «*8 *»8 

BYNAMES 10 

WORDBRR 2 

WDCNT XXX 1Q 

“8“8 

BYNAMES 11 

RELERR X 

WDCNT XXX 1Q 

n 8 n 8 

BYNAMES 12 

R1 SXXXXX 

R2 SXXXXX R3 SXXXXX 

aou> xx verb xx moo xx ux rx 

BYNAMES 13 

mo 



BYNAMES 14 

LIST XA 

WDCNT XXX^ 

“1 V-V ■ » 

BYNAMES 15 

VORBERR X 

WDCNT XXX 10 

XXXq mg XXXg XXXg XXXg 


Where WDCNT XXX is the word number in dec Inal; the data field 
for BYNAMES 5*6, Q, 9 , 10, 11, 13 , and 15 ia octal; the data 
field for BYNAMES 1, 12, and Ik nay be deciaal; the Sign position 
for BYNAMES 12 and 14 can be plus, Minus or blank* 

7) The progran shall have the option to Ignore BYNAMES types 
12 and 14. 

Operator Action: 

1* The computer room console operator oust —w> the proper 
C-START entries. 

2. The computer room console operator shall notify the test 
conductor that no uplink activity (except for emergency) 
shall occur during execution of the program. The program 
will automatically terminate if any UPLINK activity occurs. 

3* Upon completion of the program, the computer room console 
operator s h a ll notify the test conductor that no r —1 
UPLINK activity can be resumed. 


8t2 
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Title : 
Part Of : 
Purpose : 


Ca lling Sequence : 

fcxtry: 


Data: 


Normal Xxlt: 
Error Exit: 


Downlink fbrmat and Interpretation Subprogram G&N 721 
Downlink Program 

The subprogram accepts each block of five 8-bit G&N 
T/M words (G&N Computer Data), reformats the block 
into two lb-bit G&N Computer words and checks parity. 
A check for the correct data sequence m y* a valid T P 
Block is also made. After these checks, the 16-bit 
words are available for interpretation as defined on 
the Dow nlink Requirements Cards or routed to sub¬ 
program G&N 722 for further processing. If any of 
the checks fail, an error flag is set. 


This subprogram operates under Downlink Executive 
Program Control and is initiated upon receipt of an 
Executive Program interrupt. 


Input: 

(a) A sequence of five 8-bit G&N T/M words (one 
block) is received each prime frame. The number of 
blocks for each downlist and the content of each block 
will be specified on the Downlink Requirements Cards. 
The first block in a downlist will be the ID block 
which identifies which downlist is to be processed. 

(b) Notification upon loss of a block (Prime Frame). 
Output: 

(a) Valid data is available for interpretation as 
specified on the Downlink Requirements Cards or 
transmitted to ACE-S/c Subprogram GUI 722 for further 
processing and display. 

(b) Error conditions will be displayed and recorded. 
Return to Executive Program Control. 


None. 


Computation Sequence: 


The program receives blocks of five 8-bit T/M words 
with the following configuration: 

WORD 1 

woe 

15 

1* 

13 

12 

11 

10 

WORD 2 

8 

7 

6 

5 

* 

3 

2 

WORD 3 

P 

15 

1* 

13 

12 

11 

10 

WORD * 

8 

7 

6 

5 

* 

3 

2 

WORD 5 

P 

X 

X 

X 

X 

X 

X 
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Where WOC 
P 

X 


Word order code (l-bit) 

Parity (GAN words have odd parity) 
Not used 


The ID block contains a zero WOC, two l6-bit words 
including parity bits (p) and seven unused bit positions 
(x). Word 1 contains the data list address in bit 
positions 15-1 and parity (P) in bit position zero. 


Word 2 contains a fixed bit pattern sync word (00437 ) A 
in positions 15-1 and Parity (P) in bit position zero? 
Word 1 precedes Word 2 in the data block transmission. 
The word order code (WDC) bit contains a 0 for all ID 
blocks. An example of the ID block and word format is 
shown below: 


- ID BLOCK 


I 


)-^l5 


(bits)V 15 


Data List Address 

( 0 ^ 3 6 ) 8 


~ Y “ 

1 p'15 


Fixed Bit Pattern 

(00437)8 

_/ V 


8 




jo |o|o|o|o|o|o|o 


1 0 0 1 1 1 1 0 0 0 0 


T/M Word 1»|* T/M Word 2 fr j «lT/M Word 3 


kT/M Word 4 


HO H 
I 1 


• GAN Word 1- 


• GAN Word 2 • 


T/M Word 5 

1 I 

Not Used —M 
I 


The data blocks contain 4 WOC, two 16-bit words including 
parity bits (P) and seven unused bit positions (x). 

Word 1 precedes Word 2 in the data block transmission. 

The word order code (WOC) bit contains a 1 for all 
Data Blocks. An example of the Data Block and word 
format is shown below: 


ft 


- DATA BLOCK 

1 F15 


1 P 


h^|—T/M Word 1- H « T/M Word Wbrd J Word k — »U \ T/M Word 5 

1 1 ' 1 1 . 


lU- 


GAN Word 1- 


-GAN Word 2 


^ - Not Used-frj 
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The G&N Computer downlist content is specified on the 
Downlink Requirements Cards referenced by the ID word. 

The position of the G&N Computer word in each fixed i 
length list determines whether the word is to be used 
for data monitoring and processing or sent to GAM 
722 for DSKY display monitoring. 

logic Sequence: 1. Upon initial entry, for a decoorautator "loss of sync" 

or under conditions as specified in steps 3 and 4 below, 
wait for an ID block which has a word order code of 0 
then initialize a word counter. If no requirement for 
this step, proceed to step 2. 

2. Under normal conditions or successful couplet ion 
of step 1 above, check parity of both the 1st and 2nd 
G&N Computer words of the block. If this check fails, 
display MDREERR 1 and file UORDEKR 1 with the infor¬ 
mation defined under filing requirements. Proceed to 
step 3. 

~ 3* For a MX ■ 0, perform ID check for: 

a. Correct data list address In bits I-15 of 1st 
word in the ID block. 

b. (00437)3 m bits 1-15 of the 2nd wort! in the 
ID block. 

If either of the above checks fail, display UORDERR 2 
and file MDRDERR 2 with information defined under filing 
requirements. Return to wait routine specified in step 
1 above. 

? 

If ID check passes, check that an ID block has not been 
received too soon. 

If it has been received too soon, display SYNCERR 2 
and file SYNCERR 2 with the information defined under 
filing requirements and proceed as if it had been in 
the correct sequence. If the ID block is received 
in the correct sequence, initialize the word count for 
processing data blocks and return to Exec, program control. 

4. For a MX# 0, use word count to determine if an ID 
was expected. If it was, display SYNC ERR 1 and file 
SYTCERR 1 with the information defined under Filing 
Requirements. Return to 'wait routine' specified in 
step 1 above. If no ID block was expected, proceed to 
step 5. 
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5* DSPTAB words *K) thru +10D are to be sent to GUI 
722 along vith the Identifier after taking the 
ones complement of the DSPTAB word if bit 15 is 
a one (1). All other words are to be processed 
per the Downlink Requirements Cards. 

6. When G&H Computer power is off, all bits in the 
T/m word blocks will be zero causing a constant 
WORLERR 1 and 2 display. If this condition 
exists, the error should be filed only once 
per minute. 

7* When the GW Computer is in STANLEY, all the bits 
in the T/M word blocks will be ONES, causing a 
constant WORDERR 1 and SYNCERR 1 display. If 
this condition exists, the error should be filed 
once per minute. 

Downlink Requirements : 

Measurement IDs ^ Specified on the Downlink Requirements Cards. 

Displays 'This information is detailed in the computational 

sequence description and consists of program error 
displays as specified in Table 721-1. The Downlink 
« Requirements cards shall contain the display require¬ 
ments. 

Tiling: Upon detection of an error, the appropriate information 

is recorded on the file tape as specified in Table 
721-1. 
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TABI£ 721-1 


ERROR DESCRIPTION 

DISPLAY 

PILE TAKE 

This Indicates that Wbrd count 
has incremented beyond a 
specified limit, with no ID 
word detected. 

SYNC ERR 1 

SINCERE 1, Time Tag 
reference, Wbrd Count, 

ID block. 

At this point Word Count 
has not reached its specified 
limit, but an ID block has 
been received, ~ 

SYNCERR 2 

SINCERE 2, Time Tag 
Reference Wbrd count, 

ID block. 

Parity is incorrect in the 

1st or 2nd GAN Computer word 
of either an ID Block or a 

Data Block, 

WORDERR 1 

VN3RDERR 1, Time Tag 
Reference, Block 
count, ID or Data 

Block containing the 
parity error. 

The content of the ID 
block is not correct. 

WORDERR 2 

WDKDERR 2, Time Tag 
Reference, Wbrd count 

ID Block. 
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Title : 
Part of i 
Purpose : 


Calling Sequence : 

to try: 

Data: 


Homal Ixlt: 
Error Exit: 


Computation Sequence : 


Display Program (DSPTAB) GUV 722 
Downlink Program 

The Display Program interprets all DSPTAB words 
that are detected as such by the Dow nlink Format 
Program and generates displays identical in content 
and format to the on-board spacecraft D6KY displays. 
This program provides ACE-S/C ground station test 
personnel the capability of continuously monitoring 
all spacecraft keyboard displays. 


This program is activated only by the Downlink 
Format Program whenever program display words are 
to be interpreted. « 

Input: Inputs to the Display Program shall consist of 
a complete 16-bit Downlink DSPTAB word and identifier. 

Output: Coded information to be displayed. 

Return to the ACE Executive Program. 

Error conditions shall cause error information to 
be displayed and recorded on the file tape. After 
error recording, control is returned to the ACE 
Executive Program. Error messages are detailed 
in Table 722-3. 

Activation of the Display Program is attained via 
the Downlink Format Program. Inputs to this program 
will be the 16-bit Downlink word and an identifier. 

The identifier specifies which DSPTAB word in the 
Downlink list is to be processed. 

The 16-bit Downlink DSPTAB word consists of four 
parts of coded information plus a parity bit. The 
four parts are: 

1. Bits 15-12: The address in these bits is not 
used. 


2. Bit 11: The special code in this bit specifies 
a particular discrete associated with the 
DSPTAB word. 
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3. Bit* 10-6: Represent Display Codes which are 
associated with specific Display Names. These 
oodes specify the numeric character to be 
displayed in accordance with Table 722-2. 

k. Bits 5-1: Same as bits 10-6 above. 

Since the contents of the DSPTAB table is sequentially 
transmitted Downlink, the Downlink Fommt Program 
shall supply this subprogram with the DSPTAB contents 
(display word) and identifier.. The display word 
associated with each DSPTAB is defined in Table 722-1. 

Upon entry from the Downlink Format Program, the 
display program shall check the identifier to determine 
which of the 11 DSPTAB words has been received. 

The logic sequence for the DSPTAB Words depends on 
the state of bit 11. Below is a brief description 
of the action to be taken. 


DSPTAB DSPTAB WORD ACTION 

+9D or +10D The special code bit (bit 11), 

of these 4 DSPTAB words, is 
not applicable, therefore 
perform sequence 1 as 
described below. 


♦7 


♦I,**, or +6 


40, +3 or 45 


Bit 11 is not applicable, 
therefore perform sequence 2 
as described below. 

Bit li of these DSPTAB words 
is interpreted as follows: 

Bit 11 ■ 1, Set sign indicator 
of R to plus. Bit 11-0, 
do not change the sign indicator 
of R. 

Perform sequence 1 as described 
below. 

Bit 11 of these DSPTAB words 
is interpreted as follows: 

Bit 11-1, set sign indicator 
of R to minus. Bit 11 - 0, 
set sign indicator of R to blank. 

Perform sequence 1 as described 
below. 


NOTE: With DSPTAB *5 and 46 set the sign of Rl; 

DSPTAB 43 and 44 set the sign of R2; 
DSPTAB 40 and 41 set the sign of R3. 
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Operator Action : 
Console Operator: 

Downlink Requirements 
Display: 

riling: 
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Sequence 1 - extracts the relay code corresponding 
to bits 10-6 of the Downlink word and checks it 
against Table 722-2 for legality. If the code is 
legal the indicator is set to display the digit 
from Table 722-2 followed by a transfer to sequence 
2. If the code is not legal clear the sign display 
indicator and initiate a relay-error exit. 

(See Table 722-3) 


3equence^2 — extracts the relay code corresponding 
to bits 5-1 and checks it against Table 722-2 for 
legality. If the code is legal the indicator is 
set to display the digit from Table 722-2 followed 
by a return to the ACE Executive Program. if the 
code is not legal, clear the sign and first digit 
display indicators and initiate a relay-error exit. 
(See Table 722-3) 

Option - at the option of the operator an R-START 
nay** vised to transcribe the entire display on to the 
file tape. Hi is R-START will be interrogated after 
the processing of the 11th display word. If the 
R-START is selected and the CRT display has changed 
since the last recording, the entire display is to be 
recorded (including PLASH and UPLINK indicators). 

If either the R-START is not selected or the display 
has not changed, no recording should be made. The 
' recording should be prefaced by 722 Display Recording. 


Hie operator shall have the option of transcribing 
the entire display on file tape by use of an 
R-START as explained under "option" of the "Computation 
sequence". 


Display the results of the "computation sequence" 
sequence 1 and 2. 

The results of this subprogram shall be filed as 
explained in the "computation sequence". 
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TABUS 722-1 
TABUS OF DISPLAY WORDS 


DSPTAB 

Address 

Bits 15-12 
Binary Code 

Special Code 
Bit n 

Display Kane 
Relay Code for 
Bits 10-6 

Display Kane 
Relay Code for 
Bits 5-1 

♦10D 

■ 

• - 

NDL 

KD2 

♦ 9D 

0 

. . 

vm 

VE2 

♦ 8D 

T 

- - 

Km 

KB2 

♦ 7 


. . 


Rim 

♦ 6 

0 

4R1 

Rise 

RIDS 

♦ 5 

S 

-R1 

• R1I* 

R1D5 

♦ k 

R 

*R2 

R2D1 

R2D2 

♦ 3 

0 

-R2 

R2D3 

R2I* 

♦ 2 


- - 

R2D5 

R3m 

♦ 1 

r 

♦*3 

R302 

R3D3 

♦ 0 


-R3 

R3 I* 

R3D5 


TABU 722-2 

5_ BIT RELAY 00OSS FOR HUHBUC CHARACTER DISPLAY 

CHARACTER 
, BLA1K 

; 0 
. 1 
2 
3 
k 

5 

6 

7 

8 
9 


00 BE 

10101 

00011 

11001 

non 

01111 

11110 
11100 
loon 
moi 

11111 
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TABU 722-3 


ERROR H53CRIPTIOH 

DISPLAY 

PILE TAPE 

A word has appeared 
containing a relay code 
which is not In 

Table 722-2. 

RELERR1 

722 RELERR1, 16- 
tit word, tine tag, 
and DSPTAB number. 
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Guidance Computer Display Progfam 

Guidance Computer Display Program (D6PTAB) 

LEM Downlink Interpretation Program 

LGC Downlink Interpretation Program r 

LGC Downlink Interpretation Program r " ' ’ 

SprcfiPS-&K? l fcoi^^erl^, e ^ir i f^ 0 M§ 1 B8j3p ll ProBrM» 

4-621.1 
4-621-200.1 
4-622A. 1 
4-622-200.1 

4-624A. 1 
4-6B4B.1 

fctsfrf 00 - 1 

4-632.1 

641 

GAN High Rate Channel Control Program 

4-641.1 

652 

Anglfc Coanrerter i’ Angle Processing i 

4-652.1 

671 

ACE-S/C Error Reset Program 

4-671.1 

681 

PIPA Switching and Stabilization Response Test. 

4-681.1 

711 

Quick Look for GAN Downlink Data 

4-711.1 

721 

Downlink Format A Interpretation Subprogram 

4-721.1 

722 

Display Program (DSPTAB) 

4-722.1 

731 

Uplink Transmission Program 

4r731.1 
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TABLE 624-200-1 1 

__ I 




ID 

ID 

STATE VEC X FOB 
MSB AVE-G 
STATE VEC X POS 
LSB AVO-O 
STATE VEC Y POS 
M8B AVE-G 
STATE VEC Y POS 
LSB AVE-G 
STATE VEC Z POS 
M8B AVE-G 
8TATE VEC Z POS 
LSB AVE-G 
STATE VEC X VEL 
MSB AVE-G 
8TATE VEC X VEL 
LSB AVE-G 
STATE VEC Y VEL 
MSB AVE-G 
STATE VEC Y VEL 
LSB AVE-G 
STATE VEC Z VEL 
MSB AVE-G 
STATE VEC Z VEL 
LSB AVE-G 
3TATIME MSB 
3TATIME LSB 

DESIRED CDU X 
DESIRED CDU Y 
DESIRED CDU Z 
DELV X MSB 
DELV X LSB 
DELV Y MSB 
DELV Y LSB 
DELV Z MSB 
DELV Z LSB 
LMPCMD 
LMPCMD + 1 
LMPCMD + 2 
LMPCMD + 3 
LMPCMD ♦ 4 
LMPCMD + 5 


to Table 624-200 
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LMPCMD +6 
LMPCMD +7 
LMPIN 
LMP OUT 
SPARE 
SPARE 
UPVERB 
COMPNUMB 


DATA MANIPULATION 


Scale Factor See Note 


XXX 
XXX 
LMP IN X 
LMP OUT X 


41 STATE COUNT 


STCNTRXX 


42 UPOLDMOD 


8T BUFF +0 
8TBUFF *1 
ST BUFF +2 
ST BUFF +3 
ST BUFF ***4 
ST BUFF +8 
ST BUFF +6 
ST BUFF *7 
8T BUFF +8D 


1-15 
1-15 
1-15 
1-15 
1-15 
1-15 
1-15 
1-15 IC6 
1-15 IC6 


RXXXXX 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

vxxxxx 

xxxxx 

xxxxx 


* Refer to Table 624-200-2 


624-200.3 
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TABLE 624-200*1 (Continued) 


WORD 

NUMBER 

WORD 

NAME 

■ 

_ DA 

iTA MANIPULATION 


Code* 

Scale Factor 

See Note ( ' 

DISPLAY 

121 

SPARE 

1-15 





122 

8PARE 

1-16 





123 

SPARE 

1-15 





124 

SPARE 

1-15 



. 


125 

SPARE 

1-15 





126 

SPARE 

1-15 





127 

LMPCMD 

1-15 

C6 


<•) 

LMPXXX 

128 

LMPCMD +1 

1-15 

CO 


(a) 

XXX 

129 

LMPCMD +2 

1-15 

C6 


'« («) 

XXX 

130 

LMPCMD +3 

1-15 

C6 


(a) 

XXX 

131 

LMPCMD +4 

1-16 

C6 


(a) 

XXX 

132 

LMPCMD +5 

1-15 

ca 


(•) 

XXX 

133 

LMPCMD +6 

1-16 

ca 


<») 

XXX 

134 

LMPCMD +7 

1-15 

C6 


(a) 

XXX 

135 

LMPIN 

1-15 

C3 

1 

(c) 

LMP IN X 

136 

LMPOUT 

1-15 

C3 

1 

(c) 

LMP OUT X 

137 

SPARE 

1-15 





138 

8PARE 

1-15 





139 

MISSION PHASE 

1-15 

C3 

1 

(b) 

MPHASE XX 


REG 4 






140 

MISSION PHASE 

1-15 

C3 

1 

<b> 

XX 


REG 3 






141 

MISSION PHASE 

1-15 

C3 

1 

<b) 

XX 


REG 2 






142 

MISSION PHASE 

1-15 

C3 

1 

(b) 

XX 


REG 1 






143 

MISSION TIME REG 

4 

1-15 

C3 

1 


MPTIME XXXXX 

144 

MISSION TIME 

1-15 

C3 

1 


XXXXX 


REG 3 






145 

MISSION TIME 

1-15 

C3 

1 


XXXXX 


REG 2 






146 

MISSION TIME 

1-16 

C3 

1 


XXXXX SEC 


REG 1 






147 

PHASE NUM 

1-15 

C3 

1 

(ID 

PHASE NUM XX 

148 

l/PIPADT 

1-15 

N/A 



N/A 

149 

TIME TO GO MSB 

1-15 

C4 



\ttgoxxxxhr XX MIN XX .XX sec 

150 

TIME TO GO LSB 

1-15 

C5,C9 

1 


J 

151 

BURN DATA 

1-15 

N/A 



, N/A 


624-200.14 | 

247 


* Refer to Table 624-200-2, 
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Notei: 

a. The resulting number will not exceed 3 digits and tbs display will consist of 
the nine least significant bits converted to octal. 

b. The resulting decimal numbers will not exceed 2 digits. t thru 

e. The resulting decimal numbers will not exceed 1 digit for words 39. 3$. 135 . 
and 136. 

d. Flash verb numbers and noun numbsrs. 
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and 

required 

control bits 

as shown below. 

; 


G&N UPLINK WORD FORMAT 

2 23 




X 

xxxx 

X XXXXX XXXXX XXXXX 




V " 11 ** 


G&N 

o/f 

15-Bit Command 


Buffer 

Bit 


| 

Code 


. 


XXXXX XXXXX X x 2 


Control 

Bits 


Prior to transmittal of a sequence of command words, a 
check is made on the GC discrete "BLOCK UPLINK". If 
this discrete is "ON", then a non-verify display will 
occur on the K-START, the keycode will not be transmitted 
and a normal system recording will occur on the command 
tape as specified in Table 631-1. 

If UPLINK is not BLOCKED, a sequence of tests are made 
on the Incoming keycodes to determine if the command 
sequence contains a V 36 . If so, two GC discretes are 
monitored, namely the "Gimbal Lock" and the "IMU 
Operate". If both discretes are set to a "ON" state, 
then a "non-verify" display will occur on the K-START 
and the next keycode will not be transmitted Uplink. 
Another discrete is monitored, the "Operator Error" 
flashing discrete. An error status will cause this 
subprogram to terminate the processing of GC coomands 
by inhibiting further K-START data entry with a 
"non-verify" signal. A normal system recording will 
occur on the command tape as specified in Table 631 -I. 


| 

1 

f 

I 

| 


I 

i 


I: 

I 




I 


The final discrete tested is UPLOCK, A "ON" state 
will result in a test for an "alarm reset" keycode. 

If this code is available, then two conmands will 
be transmitted at the correct frequency. The first 
comnand will zero the GC Uplink register and the 
second, namely, the "reset" keycode will possibly 
reset the alarm indication triggered by UPLOCK. 

The "OFF" state for this discrete, will allow the 
subprogram to continue and transmit the commands to 
the GC with subsequent recordings on the command tape. 


The K-START module is sealed after receipt of a keycode 

to allow the correct transmission frequency to the GC 

to be utilized. The sealing can occur as soon as a 

"good" CSR is received from the DTCS, after which a 

time delay is utilized to give an approximate maximum 

input rate to the GC of six keycodes / sec. $ 

A "bad" CSR response should cause the K-START to 
display a "non-verify" and subsequently be unsealed, to 
allow further operator action to be taken. It should be 
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noted at this point, that as the state of the above 
mentioned discretes can change at a maximum of only 
once every second, approximately eight commands 
could be transmitted Uplink before repeating discrete 
testing. Figure 631-1 is given as a representative 
flow, to convey the intent of the subprogram operation. 


Operator Action: During the processing of the input keycodes a test is 

made to determine whether the range time since "Sealing" 
the K-START module is greater than or equal to the time 
delay factor entered via C-START. If so, the verify 
indication is displayed and the subprogram then transfers 
control to the Uplink Executive program. If not, the 
module remains "Sealed" to inhibit further input through ! 

the K-START module until the time delay has elapsed. f 

This regulates the input rate of keycodes to the GC. 

A nominal time delay factor is 90 milliseconds. ; 

Console Operator: Operator action is required to ^ 

Initiate this sub-program by entering data via the i 

K-START module keyboard or tape reader. 1 

When a NON-VERIFY display occurs, further character ' 

entry is allowed after depression of the NON-VERIFY 

switch. I 

For tape mode of operation enter 3100000XXX into 1 

C-START. XXX is the time delay factor in milliseconds. 

The operator's responsibility includes the monitoring 

of displays and the initiation of procedures based 

upon the display interpretation. Normally the status 

of the "BLOCK UPLINK" CRT display should be reviewed 

by the operator prior to insertion of data through the 

K-START module. However, this K-START subprogram will 

monitor this discrete, and inhibit any data transfer 1 

if this discrete gives an "ON" condition. The 

"non-verify" display which occurs under this condition 

will then be reset by the operator. If the "Operator 

Error On" condition appears, this subprogram will 

inhibit data transfer through the K-START with a non- 

verify. Hie operator will reset this "non-verify" 

switch and Insert a "reset" keycode to clear the 1 

"Operator Error" display. Then correct the illegal 

data sequence and re-enter through the K-START. * 
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An UPLOCK" display will again inhibit data transfer 
through the K-START. The operator vill reset the "non- 
verify and inseit a "reset” keycode to clear the 
discrete, lfce subprogram vill then transmit a "zero” 
message followed by the "reset" keycode. This may reset 
the UPIOCK" discrete and the operator can continue 
his interrupted sequence of commands by re-inserting the 
previous keycode. 

TWo other conditions cause this subprogram to inhibit 
data input through the K-START, they are a parity error 
and an invalid keycode. The operator vill release the 
non-verify and apply corrective measures to the input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Biter" sequence after 
monitoring the "Gimbal Lock" and "IMU Operate" discrete 
displays. 

Commands Inserted via the keyboard vill be verified by 
means of the ‘.'closed loop" display, which depicts the 
GC DSKY 8 tatus on the CRT, prior to depression of the 
Enter" keycodes. The punched tape input, if visual 
verification is desired, should contain strategically 
located "stop" codes in the Verb/Noun and parameter 
sequences, to allow the operator time to perform 
verification. 

Spacecraft Operator: No activity required. 


jjEMM Requirements: ETCS Transmission: The data word transmitted to the 

G61Y buffer is identified in the Computation Sequence 
and vill be generated as required. 

ETCS Stimuli: None 

Transmission Time: During G&N testing this will be 
specified in the Operational Checkout Procedure. All 
other times will be as required. 

Piling: 1) All K-START command information will be 

recorded on the comnand tape. 

2 ) Additional recordings for error conditions and 
discrete inhibits are specified in Table 631 - 1 . 


^- 631.5 
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i 

Table 631-1 , 

CRT Error Display Definition 


1 

Error or Discrete 

CRT 

Display 

K-START 

Module Display 

Conraand Tape 

Edit 

; 

I 

Odd parity does not exist 
in the data frame received 
from K-START module. 

PARERR 1 

Non-Verify 

631, PARERR 1, 

Time Ref. 

I 


An invalid GC keycode has 
been received by this sub¬ 
program. 

KEYERR 1 

Non-Verify 

631, KEYERR 1, 

Time Ref. 

1 

§ 

# 

An illegal entry of a 

V 36 E has occured. 

KEYERR 2 

lfon-Verify 

631, KEYERR 2, 

Time Ref. 



Ho keycodes can be 
received by the GC via 
Uplink, therefore further 
keycode entry through the 

K-START is inhibited. 

BLOCK 

UPLINK 

ON* 

Non-Verify 

631, Block 

Uplink Time 

Ref. 

f 


This indicates than an 
incorrect keycode loading 
procedure has occured and 
entry through the K-START 
is inhibited. 

OPERATOR 
ERROR ON* 

Non-Verify i 

631 , Op. Error, 

Time Ref. 

1 


♦These CRT discrete displays are set by GAR 224a, 624a, 624b or 624-200 
ACE-S/C Downlink Interpretation Program. 
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Title : 
fturt Of : 
Purpose : 


Calling Sequence : 
ftitry: 


Data: 


Normal Exit: 
Error Exit: 


Uplink Transmission Program GUI 731 
Uplink Program 

This subprogram checks the received keycode inputs 
for parity and valid codes and then formats them 
into a command word for transmission to the External 
DTCS. The status of the Uplink system and the GUI 
Computer is monitored, and the Uplink couoand 
sequence is controlled to the acceptable input rate 
of the GUV Computer. 


This subprogram operates under Uplink Executive 
Program control and may be initiated via K-START, 

GUI Subprograms or special purpose parametric 
input routines ("ADAP"). 

Input: 1) The data content utilized by this sub¬ 

program consists of a five bit Keycode 
plus a parity bit (odd parity). The 
input consists of information received 
from K-START punched tape (Automatic 
Mode) or from the K-START Keyboard 
(Manual Mode), from GUI Subprogram or 
from a special purpose parametric 
input routine (ADAP). 

2) Keycode delay factor of XXX milliseconds 
.. entered via C-START. 

1 

3) Options entered via R-STARTS as defined 
in the PRPS/FRD. These options are: 

a) Verify or Load-Verify 

b) Block Uplink Override 

Output: Output will consist of a sequence of formated 

data words, which is transmitted to the GUV 
buffer, the time delay factor display and 
error displays. 

Return to Uplink Executive Program. 

Error conditions will be displayed for the operator 
and recorded on the Uplink File Conmand Tape. These 
error conditions are subsequently described in 
Table 731-2. 


Confutation Sequence: This subprogram shall initialized by a Keycode 

entry from any of the following: 
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Computation Sequence (cont'd) 

1. Operator action by means of the K-START module, 
either in manual or automatic modes. 

2. Upon entry from a GUV Subprogram. 

3. Upon entry from a special purpose parametric 
input routine (ADAP). 

Ibis subprogram shall then perform the following: 

1. Check for the R-START module VERIFY t LOAD VERIFY 
XEQ upon entry of a keycode into this subprogram. 
If this XEQ is detected transfer control to 

G&N 732. If this XEQ is not detected proceed. 

2. Check the received Keycode with the parity 
bit to assure that odd parity exists. If this 
parity check falls terminate entry and/or 
generate HOH-VERIFY on K-START module depending 
on source of entry. Inhibit the transmission 
of the Keycode and display and record the error 
condition as specified in Table 731-2. 

3* Check the validity of the received keycode. 

The valid keycodes are listed in Table 731-1. 

If the keycode is not valid terminate entry 
and/or generate a HOH-VERIFY on the K-START, 
inhibit the transmission of the keycode and 
display and record the error condition as 
specified in Table 731-2. 

4. Transform the valid keycode into a l6-blt vord 
and combine it vith the DTCS GW buffer address 
and required control bits as indicated in 
Figure 731-1. 


2*3 

X 




GW 

Buffer 

Code 


GW UPLINK WORD FORMAT 


0/F 

Bit 


.xxxxx 


xxxxx 

" ..> 


xxxxx 
_ / 


15-Bit Command 



Control 

Bits 


X 


- FIGURE 731-1 - 
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Computation Sequence (Cont*d.) 

5. Check the Block Uplink discrete and if ON, check 
the R-START "Block Uplink Override." If Block 
Uplink is OH and "Block Uplink Override" is OFF, 
terminate entry and generate a "NON-VERIFY" on 
the K-START, inhibit the transmission of the 
keycode and record the error condition as 
specified in Table 731-2. If Block Uplink is 

OH and Block Uplink Override is OH, inhibit the 
"NON-VERIFY" and allow further tests on the 
keycode. Each keycode transmitted to the GUI 
Computer when Block Uplink is ON and Black 
Uplink Override is OH shall be recorded on the 
Uplink File Tape as normal along with the 
R-START number of Block Uplink Override. 

6 . Check for V 36 in a verb comnand sequence. If 
V 36 is present and both Glmbal Lock and IMU 
Operate discretes are OH, terminate entry and 
generate a "NOR-VERIFY" on the K-START, inhibit 
the Verb'command sequence from entry into the 
GUV Computer and display and record the error 
condition as specified in Table 731-2. 

. 7* Check the Operator Error discrete. If this 

discrete is OH and the Keycode is a Reset Keycode, 
transmit the Reset Keycode after the proper delay. 

If the Operator Error discrete is ON and the Key- 
code is not a Reset Keycode terminate entry and 
generate a "NON-VERIFY" am the K-8TART, inhibit 
the transmission of the Keycode and record the 
error condition as specified in Table 731-2. The 
Operator Error discrete shall be cleared upon 
entry of a Reset Keycode by the operator after 
the "NON-VERIFY" switch is reset. This allows the 
operator to continue sending the interrupted 
sequence of ooimmnds by re-inserting the previous 
Keycode. 

8. Check the UPLOCK discrete. If this discrete Is 
OH and the Keycode is a Reset Keycode, sero the 
GUI Computer Uplink register and transmit the 
Reset Keycode after the proper delay. If the 
Uplock discrete is OH and the Keycode is not a 
Reset Keycode terminate entry and generate a 
"NON-VERIFY" on the K-START, inhibit the transmission 
of the K-START, inhibit the transmission of the 
keycode and record the error condition as specified 
in Table 731-2. The UPLOCK discrete shall be 
cleared upon entry of a Reset Keycode by the 
Operator after the "NON-VBilFY" switch is reset. 

This allows the operator to continue sending the 
Interrupted sequence of conaands by re-inserting 
the previous Keycode. 
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Computation Sequence (cont'd) 


9* Check the CSR message from the DTCS after the 
tranaml88ion of every keycode. If the CSR ia 
"good", unseal the entry after the specified time 
delay, (The time delay is utilized to control the 
input rate of the Keycodes to the GAN Computer 
shall nominally be 90 milliseconds unless 
modified by C-START.). If the CSR is "bad" 
terminate entry and generate a "NON-VERIFY" on the 
K-START and unseal the entry to allow further 
operator action, 

10. Check for the R-STAFT module Verify or Load Verify 
XEQ. If this XEQ is detected transfer control to 
GAN 732. 


11. Generate a verify on the K-START and/or return 
to the Uplink Executive depending upon source 
of entry. 


Operator Action : 
Console Operator: 
Uplink Requirements : 
DTCS Transmission: 

Filing: 


12. Display the following: 

a. - The time delay factor in XXX milliseconds and 

the appropriate nomenclature. 

b. Program error displays as specified in 
Table 731-2. 


See "Computation Sequence". 


The data word transmitted to tae GAN buffer is 
identified in the Computation Sequence and will be 
generated as required. 

1) All K-SEART o r—wn d information will be recorde d 
on the co—and tape. 

2) Additional recordings for e rror conditions and 
discrete inhibits are specified in Table 7J1.2. 

3) foch GAN Computer Uplink word transmitted while 
Block Uplink is ON will be filed on the Uplink 
File Tape along with the ft-START number of the 
Block Uplink Override Oo—and. 
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- TABLE 731-1 - 
UXjAL guv computer ketcodes 


Character 

Code 

0 

MSB LSB 
lOOOO 

1 

00001 

2 

00010 

3 

00011 

* 

00100 

5 

00101 

6 

00110 

7 

00111 

8 

01000 

9 

01001 

VERB 

10001 

RESET 

10010 

KEY HEIEASE 

11001 

PIXJS 

11010 • 

MINUS 

11011 

ENTER 

moo 

CI£AR 

11110 

NOUN 

mn 
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f - TABIZ 731-2 - 

r ERROR DISPLAY DEFINITION 


£ 

i 

Error or Discrete 

Display 

K-START 

Module Display 

Non-Verify 

Command Tape 

Edit 


Odd parity does not exist 
in the data frame received. 

PARERR 1 

731, PARHtt 1, 
Time Ref. 

4 

f 

An invdlld GUV Computer 
keycode has been received 
by this subprogram. 

KEYERR 1 

Non-Verify 

731, KEYHW 1, 
Time Ref. 

t 

An illegal entry of a 

V36 e has occurred. 

KEYEFR 2 

* Non-Verify 

731, KEYHtR 2, 
Time Ref. 

* 

* 

‘ 

This indicates that an 
incorrect keycode loading 
procedure has occurred and 
that further entry is 
inhibited. 

OPERATOR 
ERROR ON* 

Non-Verify 

731, Op. Error, 
Time Ref. 

r 

! 

i 

4 

This indicates that a 
previous keycode was not 
transmitted correctly and 
that the present keycode 
is not a reset keycode. 

uplock'On* 

Non-Verify 

731, FORMERR, 

Time Ref. 

t 

Bo keycodes can be received 

BLOCK 

Non-Verify** 

731, Block Uplink 

| 

by the GAB Cooqmter via 
Uplink, therefore further 
keycode entry la inhibited. 

UPLINK ON* 


ON, Time Ref. 

1 

i- 

Bad CSR 

BAD CSR 

Non-Verify 

None 


? 



• Theae displays are set by the Guidance Computer Downlink Format and 
Interpretation Program GUI 721. 

** A Vbrify display will occur if the R-START "Block Uplink Override" has 
been executed. 
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Title: 

Purpose: 


Calling Sequence: 

Brt-ry: Ibis program operates under Executive Control and shall 

be Initiated from the C-9TART Module. 

E*^a: Input: The data utilized by this subprogram consists 

of the GUV data filed as DYNAMES on the UPLINK 
file tape. 

Output: The output vill consist of the following: 

1) Print out of any one file of data 

2) Print out of all GUV data starting at a 
given range time and continuing in 
increments of one minute to a specified 
stop time 

Normal Exit: Return to Executive Program control 

Error Exit: None required. 

Computation Sequence: 

1) This program vill be stored on the master program 
tape and will be loaded into the ADAP memory section 
upon initiation from a C-START module. 

2) The printout shall be considered low priority and 
shall not Interrupt downlink compressed tape filing 
or the ACE station displays. 

3) The programs shall automatically terminate if any 
UPLINK commands are transmitted. 

*) Upon completion of the print out or emergency 

termination, the ADAP memory shall be available for 
other ADAP sequences or load and go programs. 

5) The program shall convert the output data from the 
uplink file tape and print it thru the dow link 
conputer. The program shall have the option of 
utilizing the available downlink compressed data tape 
drive. 

* 6) The program shall translate DYNAMES records that 

have been stored by GUV DOWNLINK programs. These 
are DYNAMES 3 thru 15 inclusive and shall interpret 
each of these as follows: 


Quick Look for GUV DOWNLINK Data GUV 711A 

TO provide a prompt print out of the data filed by the 
GUV Subprogram on the UPLINK file tape. 
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TYPE 


PRIHTER OUTPUT 

DYHAMES 5 

SYHCERR 1 

WDCHT XXX 1Q 

”“8 ”«8 

DYHAMES 6 

. SYHCERR 2 

WDCHT XXX 1Q 

XXXg 

DYHAMES 7 

MARKERR 1 

WDCHT XXX 1Q 

«10 

DYHAMES 8 

MARKERR 2 

WDCHT XXX 1Q 

X»8 XXXg 

DYHAMES 9 

WORDERR 1 

WDCHT XXX 1Q 

XXXg XXXg XXXg XXXg XXXg 

DYHAMES 10 

WORDERR 2 

WDCHT XXX 1Q 

“<8 xxx 6 

DYHAMES 11 

RELERR 1 

WDCHT XXX 10 

**8 «8 

DYHAMES 12 

R1 SXXXXX 

R2 SXXXXX R3 SXXXXX 

NOUN XX VERB XX PBOO XX 

DYHAICS 13 

IHO 



DYHAMES Ik 

IX WXXX^ 

*H* SX 1 Xg ... X^; V i9 

DYHAMES 19 

WOREBRR X 

WDCHT XXX 10 

XXXg XXXg XXXg XXXg XXXg 


Where WDClfT XXX or WXXX ia the word nuniber in dec Inal; the data 
field for BYNAMES 5, 6 , 8 , 9 , 10, 11 , 13 , and 15 le octal; the 
data field for BYNAMES 7, 12, and 14 aay be declvl; the algn 
position for DYHAMES 12 and 14 can be plus, Minus or blank. 

7) DYHAMES Ik records shall be printed with up to five 

records per line. The list nunber will appear only once 
per line. The DYHAMES 14 records will be printed on the 
line provided they are consecutive printable records 
on the uplink file tape. A new line will be started 
each tins the word nunber is equal to or less than the 
previous word number or a record other than DYHAMES 14 
appears on the tape. ; . _ ^ 


8 ) The program shall have the option to ignore DYHAMES 
types 12 and Ik. 

Operator Action: 

1) The computer room console operator must make the proper 
C-START entries. 

2) The computer room console operator shall notify the test 
conductor that no uplink activity (except for emergency; 
shall occur during execution of the program. The program 
will automatically terminate if any UPLIHK activity occurs. 

3) Upon completion of the program, the computer room console 
operator shall notify the test conductor that norml 
UPLIHK activity can be resumed. 
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Title: 


Part Of: 


Purpose : 


Calling Sequence : 


Computation Sequence : 


ACE-S/C Error Reset Program G&N 671 


Downlink Program 

This subprogram resets the error displays on the CRT 
display unit to give a "no error” indication for the 
ACE-s/C subprograms utilized with the Block II G&N 
System. 

Entry: This subprogram operates under exeuctive 

control and is initiated from the R-START Module 
specified in the PRPS or PRD. 

Exit: Return to Downlink Executive Program after 

error displays are reset. 


The -error displays reset by this subprogram are 
listed below, along with the ACE-S/C subprogram 
that generates them during its operation. The CRT 
page and line location for each error display is 
detailed in the Program Requirements Process 
Specification* . 


Error Indication 
TIME ERROR (l) 

TIME ERROR (2, 4) 

TIME ERROR (3) 

SYNCERR (l, 2) 

WORDERR (1, 2, 3, 4, 5, 6) 
RELERR (1) 

PARERR (1) 

KEYERR (1, 2) 

VERROR (1, 2 t 3, 4, 5) 

FSERR (1) 

WORDERR (1, 2) 

WOREERR (1, 2, 3, ■>, 5, 6, 7,) 


G&N Program Number 
601 
602 
603 

621, 221, 621-200 or 721 

221 

622 , 622-200 or 722 

631 or 731 

631 or 731 

632 or 732 

681 

621-200 or 721 
621 


Bach error display consists of a variable segment 
(underlined) which signifies the type of error 
condition occurring in a particular ACE-S/C 
subprogram, and a fixed title segment. When 
initiated by the operator, this subprogram will 
blank out the variable segments of the error displays. 
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This program shall have the option to automatically 
reset the error displays. This option will be 
initiated by R-START call as specified in the PRPS 
or PRD. The program will detect the generation of 
an error and approximately three seconds later, reset 
all errors. If another error is generated during 
the three seconds^ the time delay is restarted. At 
any time the operator may manually reset the errors. 

Operator Action : Console Operator: Operator action is required to 

initiate this subprogram via the R-START module. 

* Spacecraft Operator: No activity required. 


Uplink Requirements : The ACE-S/C Uplink system is not utilized. 

Downlink Requirements: PCM data processing is not required by this subprogram. 
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and required control bits as shown below. 

G&N UPLINK WORD FORMAT 

2 23 _ 

x t xxxxx xxxxx xxxxx, 

G&N O/P 15-Bit Command 

Buffer Bit 

Code 

Prior to transmittal of G&N K-START Uplink words a check 
is made on the GC discrete "BLOCK UPLINK". If this 
discrete is "ON" and the R-START "Block Uplink Override" 
is OFF , then a "Non-Verify" display will occur on the 
K- START, the keycode will not be transmitted and a 
normal system recording will occur on the command tape 
as specified in Table 63 I-I. If the "BLOCK UPLINK" 
discrete is "ON", and the R-START "Block Uplink Over¬ 
ride" is "ON", inhibit "Non-Verify" and allow further 
teats on the incoming keycodes. Bach keycode transmitted 
to the GC when "BLOCK UPLINK" is "ON" and the R-START 
"Block Uplink Override ON" will be recorded on the 
Uplink File tape as normal along with the Block Uplink 
Override R-START Conmand. 

If UPLINK is not BLOCKED, a sequence of tests are made 
on the incoming keycodes to determine if the command 
sequence contains a V 36 . If so, two GC discretes are 
monitored, namely the "Gimbal Lock" and the "IMU 
Operate". If both discretes are set to an "ON" state, 
then a "Non-Verify" display will occur on the K-START 
and the next keycode will not be transmitted Uplink. 
Another discrete is monitored, the "Operator Error" 
flashing discrete. An error status will cause this 
subprogram to terminate the processing of GC commands 
by inhibiting further K-START data entry with a 
"Non-Verify" signal. A normal system recording will 
occur on the conmand tape as specified in Table 63 I-I. 

The final discrete tested is UPLOCK, a "ON" state will 
result in a test for .an "alarm reset" keycode. If 
this code is available, then two conmands will be 
transmitted at the correct frequency. The first 
command will zero the GC Uplink register and the 
second, namely, the "reset" keycode will possibly 
reset the alarm indication triggered by UPLOCK. The 
"OFF" state for this discrete, will allow the sub¬ 
program to continue and transmit the commands to the 
GC with subsequent recordings on the conmand tape. 



Control 

Bits 
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Operator Actions 


The K-START aodula la sealed after receipt of a keycode to 
allow the correct transmission frequence to the GC to be 
utilized. The sealing can occur as soon as a "good" CSR is 
received from the DTCS, after which a time delay is utilized 
to give an approximate maximum input rate to the GC of 
six keycodes / sec. 

A "bad" CSR response should cause the K-START to display a 
"Non-Verify" and subsequently be unsealed, to allow further 
operator action to be taken. It should be noted at this 
point, that as the state of the above mentioned discretes 
can change at a maximum of only once every second, approximately 
eight commands could be transmitted Uplink before repeating 
discrete testing. Figure 63 I-I is given as a representative 
flow, to convey the intent of the subprogram operation. 

taring the processing of the input keycodes a test is made 
to determine whether the range time since "Sealing" the 
K-START module is greater than or equal to the time delay 
factor entered via C-START. If so, the verify indication is 
displayed and the subprogram then transfers control to the 
Uplink Executive program. If not, the module remains 
"Sealed" to inhibit further input through the K-START module 
until the time delay has elapsed. This regulates the input 
rate of keycodes to the GC. A nominal time delay factor 
is 90 milliseconds. 

Console Operator: Operator action is required to initiate 
this subprogram by entering data via the K-START module 
keyboard or tape reader. 

When a HON-VERIFY display occurs, further character entry is 
allowed after depression of the NON-VUtlFY switch. 

For tape mode of operation enter 3100000XXX into C-START. 

XXX is the time delay factor in milliseconds. 

The operator's responsibility includes the monitoring of 
displays and the initiation of procedures based upon the 
display interpretation. Hormally the status of the "BLOCK 
UPLINK" display should be reviewed by the operator prior to 
insertion of data through the K-START module. However, this 
K-START subprogram will monitor this discrete, and inhibit 
any data transfer if this discrete gives an "ON" condition. 

The "Non-Verify" display which occurs under this condition 
will then be reset by the operator or inhibited by the 
R-START, "Block Uplink Override ON". If the "Operator Error ON" 
condition appears, this subprogram will inhibit data transfer 
through the K-START with a non-verify. The operator will 
reset this "Non-Verify" switch and insert a "reset" keycode 
to clear the "Operator Error" display. Then correct the 
illegal data sequence and re-enter through the K-START. 
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An "UPLOCK" display will again inhibit data transfer 
through the K-START. The operator will reset the "non- 
verify” and insert a "reset" keycode to clear the 
discrete. The subprogram will then transmit a "zero" 
message followed by the "reset" keycode. This my 
reset the "UPLOCK" discrete and the operator can 
continue his interrupted sequence of commands by re- 
inserting the previous keycode. 

Two other conditions cause this subprogram to inhibit 
data input through the K-START, they are a parity 
error and an invalid keycode. The operator will release 
the non-verify and apply corrective measures to the 
Input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Enter" sequence after 
monitoring the "Gimbal Lock" and "IMU Operate" discrete 
displays. 

Comnands inserted via the keyboard will be verified by 
means of the "closed loop" display, which depicts the 
GC DSKY status on the CRT, prior to depression of the 
"filter" keycodes. The punched tape input, if visual 
verification is desired, should contain strategically 
located "stop" codes in the Verb/Noun and parameter 
sequences, to allow the operator time to perform 
verification. 

Spacecraft Operator: No activity required. 

Uplink Requirements: DTCS Transmission: The data word transmitted to the 

G&N buffer is identified in the Computation Sequence 
and will be generated as required. 

IOTCS Stimuli: None 

Transmission Time: During G&N testing this will be 
specified in the Operational Checkout Procedure. All 
other times will be sis required. 

Piling: l) All K-START comnand information will be 

recorded on the Uplink File tape. 

2) Additional recordings for error conditions 
discrete inhibits are specified in Table 63 I-I. 

3) Each G&N K-START Uplink word transmitted while 
BLOCK UPLINK is ON will have the R-START number of 
Block Uplink Override filed with the keycode on tne 
Uplink File tape. 
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ADDRESS 
Bits 15-12 

0000 , 1111 

1111 

0011, 1001 
or 1011 


1000 


1010 


0110, 0100, 

0001, 0111, 

0101. 0010 

1100, 1101, 1110 


ACTION 


If 0 or 15 19 set RELERR to 2, record Rll, 
Relay Word and time lag. 


These addresses signify that the special 
code bit (bit 11) is meaningless, there¬ 
fore control is transferred to program 
region 1. 

If the address is 8, test bit 11 of the word. 
If bit 11 is zero, blank the UPLINK ac¬ 
tivity indicator and go to region 2. If bit 
11 is one set the UPLINK activity indicator 
and go to region 2. 

If the address is 10, test bit 11 of the word. 
If bit 11 is zero, blank the VERB-NOUN 
FLASH indicator. If bit 11 is one, set the 
VERB-NOUN FLASH indicator. Following 
either test go to region 1. 

If the address is 7, 6, 5, 4, 2 or 1 go to 
region 3. 

No processing required, return to EXEC 


Region 1 - extracts the relay code corresponding to bits 10 - 6 of 
the Downlink word and checks it against Table 022-2 for legality. 

If the code is legal the indicator is set to display the digit from 
Table 022-2 followed by a transfer to Region 2. If the code is not 
legal clear the sign display indicator and initiate a relay-error exit. 

Region 2 - extracts the relay code corresponding to bits 5 - 1 and 
checks it against Table 022-2 for legality. If the code is legal the 
indicator is set to display the digit from Table 022-2 followed by a 
return to GIN 021. If the code is not legal clear the sign and first 
digit display indicators and initiate a relay-error exit. 


Region 3 - tests the address of the Downlink Word, If the 
address is 7, 5 or 2 bit 11 is interpreted as follows: 

bit 11 * 1 Set sign indicator of R to plus* 
bit 11 * 0 If sign indicator is not minus, set sign 

indicator of R to blank, if minus no change 
in setting. 
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C. Insert the first AGC address of the time 
registers into which the preset value E is to be 
stored, also enter the constant K for p GAN 102. 

This C-START entry is: 

1) Windows 10-9 insert 70 

2) Windows 8-4 insert YYYYY the 5 digit AGC 
octal address for the time registers. 

3) Windows 3-2 insert XXX milleseconds for K. 

The second function of this program is to determine 
the time to an Epoch and store this time in the AGC. 

D. Enter the Epoch time, T E , that is to be stored in 
the AGC. 

1) Windows 10-9 insert 80 

2) Windows 8-5 insert ± XXX hours of Tg 

3) Windows 4-3 insert XX minutes of Tg 

4) Windows 2-1 insert XX seconds of Tg 

E. Enter the AGC octal address, LOC, into which Tg. 
la to be stored. 

1) Windows 10-9 insert 71 

2) Windows 8-4 insert YYYYY octal address LOC. 

3) Windows 3-1 insert 000 

F. Call up G4N 101 through R-START Module specified 
in the PR PS. 


Input Data: 

T d - Range Time maintained in ACE-S/C computer. 
R 1 

E - Preset time to be inserted in AGC clock. 

P 

T Rp - Range time at which E p is to be inserted. 


Tg - Time to Epoch when required. 


Normal Exit: Uplink Transmission to the AGC and 
temporary storage of the following quantities. 

K - transmission delays to be supplied jointly by 
AC and G. E. 


t hrs 


Range time truncated to hrs. 
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TABLE 121-3 
DOWNLIST 017-1 


Position 

Block 

Position 

Block 

1 

ID (62001) 

41 

VRECT 

2 

DSPTAB 

42 

VRECT +1 

3 

DSPTAB +1 

43 

VRECT +2 

4 

DSPTAB +2 

44 

VRECT +3 

5 

DSPTAB +3 

45 

VRECT +4 

6 

DSPTAB +4 

46 

VRECT +5 

7 

DSPTAB +5 

47 

TFF 

8 

DSPTAB +6 

48 

TFF +1 

9 

DSPTAB +7 

49 

TMMARKER 

10 

DSPTAB +8 

50 

TMMARKER 

11 

DSPTAB +9 

51 

TMMARKER 

12 

DSPTAB +10 

52 

DSPTAB 

13 

DSPTAB +11 

53 

DSPTAB +1 

14 

DSPTAB +12 

54 

DSPTAB +2 

15 

DSPTAB +13 

55 

DSPTAB +3 

16 

TIME 2 

56 

DSPTAB +4 

17 

TIME 1 

57 

DSPTAB +5 

18 

IN 0 

58 

DSPTAB +6 

19 

IN 2 

59 

DSPTAB +7 

20 

IN 3 

60 

DSPTAB +8 

21 

OUT 1 

61 

DSPTAB +9 

22 

STATE 

62 

DSPTAB +10 

23 

FLAGWRD1 

63 

DSPTAB +11 

24 

FLAGWRD2 

64 

DSPTAB +12 

25 

CDUX 

65 

DSPTAB +13 

26 

CDUY 

66 

RN 

27 

CDUZ 

67 

RN +1 

28 

REDOCNTR 

68 

RN +2 

29 

DELVX 

69 

RN +3 

30 

DELVX +2 

70 

RN +4 

31 

DELVX +4 

71 

RN +5 

32 

THETAD 

72 

VN+0 

33 

THETAD +1 

73 

VN +1 

34 

THETAD +2 

74 

VN +2 

35 

RRECT 

75 

VN +3 

36 

RRECT +1 

76 

VN +4 

37 

RRECT +2 

77 

VN +5 

38 

RRECT +3 

78 

PIPTIME 

39 

RRECT +4 

79 

PIPTIME +1 

40 

RRECT +5 

80 

TIME 2 GR 
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Position 

Block 

81 

TIME 1 GR 

82 

TCUTOFF 

83 

TCUTOFF +1 

84 

RAVEGON 

85 

RA VEGON +1 

86 

RA VEGON +2 

87 

RA VEGON +3 

88 

RA VEGON +4 

89 

RA VEGON +5 

90 

VAVEGON 


Position 

Block 

1 

ID (62067) 

2 

DSPTAB 

3 

DSPTAB +1 

4 

DSPTAB +2 

5 

DSPTAB +3 

6 

DSPTAB +4 

7 

DSPTAB +5 

8 

DSPTAB +6 

9 

DSPTAB +7 

10 

DSPTAB +8 

11 

DSPTAB +9 

12 

DSPTAB +10 

13 

DSPTAB +11 

14 

DSPTAB +12 

15 

DSPTAB +13 

16 

TIME 2 

17 

TIME 1 

18 

IN 0 

19 

IN 2 

20 

IN 3 

21 

OUT 1 

22 

STATE 

23 

FLAGWRD1 


TABLE 121-3 
LIST 017-1 (Continued) 


Position 

91 

92 

93 

94 

95 

96 

97 
96 

99 

100 


TABLE 121-3 
DOWNLIST 017-2 

Position 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
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Block 

VAVEGON +1 
VA VEGON +2 
VAVEGON +3 
VAVEGON +4 
VAVEGON +5 
TAVEGON 
TA VEGON +1 
TMMARKER 
TMMARKER 
TMMARKER 


Block 

FLAGWRD 2 
CDUX 
CDUY 
CDUZ 
-SPARE- 
8TCNTR 
8TBUFF 
ST BUFF +1 
STBUFF +2 
8TBUFF +3 
8TBUFF +4 
STBUFF +5 
STBUFF +6 
STBUFF ♦7 
STBUFF +8 
STBUFF +9 
STBUFF +10 
STBUFF +11 
STBUFF +12 
STBUFF +13 
-SPARE- 
-SPARE- 
-SPARE- 
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Index No. 

Table 124-012-3 

Data Word Description 

30 

Vgy MSB 

v «y LSB 

V gI MSB 

V LSB 

31 

32 

33 

34 

X comp, of sighting vector MSB 

35 

X comp, of sighting vector LSB 

36 

Y comp, of sighting vector MSB 

37 

Y comp, of sighting vector LSB 

38 

Z comp, of sighting vector MSB 

39 

Z comp, of sighting vector LSB 

40 

X comp, of maneuver vector MSB 

41 

X comp, of maneuver vector LSB 

42 

X comp, of maneuver vector MSB 

43 

Y comp, of maneuver vector LSB 

44 

Z comp, of maneuver vector MSB 

45 

Z comp, of maneuver vector LSB 

46 

Desired CDU X 

47 

Desired CDU Y 

48 

Desired CDU Z 

49 

DUMMY MARKER 

50 

DUMMY MARKER 

51 

DUMMAY MARKER 

52 

DSPTAB +0 

53 

DSPTAB +1 

54 

DSPTAB +2 

55 

DSPTAB +3 

56 

DSPTAB +4 

57 

DSPTAB +5 

58 

DSPTAB +6 


Processing Requirements 


\ None 


Display Table Data. 
Processed by GAN 122. 
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Title: 

Part Of: 

Piirpoee; 

Calling Sequence: 


Computation Sequence: 

Operator Action: 

Uplink Reauiremente: 
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AGC Downline Interpretation Program G&N 124-017 


Downlink Program 


Process for CRT display the data received from the AGC via 
G&N 121. This program will be used for all test sequences 
involving the guidance and navigation system for specified 
vehicles. 


Entry: This program is activated only by subprogram G&N 
121 whenever it has a specified AGC data word available for 
processing. 

Data: Input - A 16-bit AGC word, a word number and a list 
number from GW 121. 

Output - Information to be displayed on the CRT. 

Normal Exit: None. 


Table 124-017-1 defines all computation and special handling 
required. If a word number does not appear for a list, no 
processing is required by this program for that word in that 
list. 


Control Room: No action required. 
Spacecraft: No action required. 

DTCS transmission: None 

DTCS Stimuli: None 

Time of Transmission: None 

Filing Requirements: None 
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Downlink Requirements: 


Measurement ID: The data processed by this subprogram 
is derived from CG0001 

CRT Display: Defined in the Table 124-017-1. 

Fixed CRT annotation and the page and 
line information is in PRPS document for 
a particular vehicle. 

Tolerance: None 

Filing Requirements: 

Activation of the "RECORD" R-8TART 
module function switch specified in the 
PRPS will cause the recording of the ID 
and a time tag plus the following: 

Discrete Words: D6PTAB + 11. DSPTAB + 13. OUT 1. 

8TATE, FLAGWORD 1, FLAGWORD 2, 
INO, IN2, INS 

Single Precision Words: 

CDUX, CDUY, CDUZ, RE DO CNTR 

Double Precision Words: 

(TIME2. TIME1), (TFF. TFF ♦ 1), 
(TCUTOFF, TCUTOFF ♦ 1), 

(TIME2GR, TIME1GR) 
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Title: 


K-START Module Program GIN 131 


Part Of: Uplink Program 


Purpose : 


This subprogram accepts data input in the form of AGC 
keycodes from the punched tape reader or the keyboard, 
via the K-START module. These keycodes are checked 
for correct parity and valid codes and then formatted 
into a command word for eventual transmission to the 
External OTCS. The status of the Uplink system and the AGC 
Is monitored, and the Uplink command sequence is controlled, 
to the acceptable input rate of the AGC. 


Calling Sequence: 


Entry: Thia subprogram operates under Uplink Executive 
Program control and will be initiated from K-START 
module specified in the PRPS. 

Data: This consists of information received either from 
K-START puched tape, (the automatic mode) or from the 
K-START keyboard (the manual mode). The data content 
ytilized by this subprogram consists of a five bit keycode 
plus a parity level. 

Normal Exit: Return to Uplink Executive Program. 

Error Exit: Error condit one will be displayed for the 
operator on the CRT and recorded on the Uplink Command 
Tape. These error conditions are subsequently described 
in Table 131-1. 
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The flow chart Figure 131-1 la given as a representative flow, to 
convey the intent of the sub-program operation. Table 131-2 lists the 
legal AGC key codes. 


Operator Action : 

Caisole Operator: Operator action is required to initiate this 
sub-program by entering data via the K-START module keyboard 
or tape reader. 


When a NON-VERIFY display occurs, further character 
entry is allowed after depression of the NON-VERIFY 
switch. 

The operator's responsibility Includes the monitoring of displays and 
the initiation of procedures based upon the display interpretation. 
Normally, the status of the "Accept Uplink" CRT display should be 
reviewed by the operator prior to Insertion of data through the K-START 

module. However, this K-START subprogram will 
monitor this discrete bit, and inhibit any data trans¬ 
fer if this discrete gives an ’’OFF" condition. The 
"non-verify" display which occurs under this condition 
will then be reset by the operator. 

If a "T/M Fail ON" indication appears, this subprogram 
will halt further data input through the K-START. The 
operator should reset the "non-verify" switch and insert 
an "error reset" keycode. 

The subprogram will then transmit a "zero" message 
followed by the "error reset". This may reset the Y, T/M 
Fail" indication, and the operator can continue his inter¬ 
rupted sequence of commands, by re-inserting the pre¬ 
vious keycode. 

Normally the "Check Fail" discrete should be monitored 
by the operator, however, the subprogram will perform 
this check prior to Uplink transmission of a keycode. If 
this discrete is "ON' f then the "non-verify" will be dis¬ 
played to signify that the operator should monitor the 
discrete. The operator should reset the non-verify switch 
and insert an "error reset" keycode to clear this discrete 
display. 

Commands inserted via the keyboard will be verified by 
means of the "closed loop" display which depicts the AGC 
DSKY status on the CRT, prior to depression of the "ENTER" 
keycodes. The punched tape input, if visual verification is 
desired, should contain strategically located "stop" codes 
in the Verb/Noun and parameter sequences, to allow the 
operator time to perform verification. 
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Titles 

Purposes 


Inputs 


Outputs 


Eormal Salts 


Error Salts 


Descriptions 


EXECUTIVE SBQMEST 

The purpose of the Executive Segment Is to prepare the Edit 
Parameters for use by the Presentation Segment, processes the 
Control Cards, and to extract and validate the required COC/LQC 
data from the PCM Data T^e. 

The Inputs to this se^ent ares 

1) Downlink Edit Forest and Requirements Tables (Edit Parameters) 

2) Data Definition, Title and Time Cards (Control Cards) 

3) PCM Data Tape or CDT containing the COC/LOC data to be processed 

The outputs from this segment ares 

1) Edit Parameters for use by the Presentation assent 

2) COC/LOC data extracted from the PCM Data Tape or CDT 

3 ) irror signals for any discrepancies found in the Edit 
Parameters, the Control Cards, and the CQC/DQC data. 

The normal exit from this segment Is to the Presentation SegMst. 

The normal program halt occurs when the last time Interval 
has been satisfied. 

Error signals are generated for discrepancies found In the 
Input Cards, PCM or CUT Data. The Error Exit Is to the 
Presentation Segment. 

The CQC/LQC data consists of tmo types of *>rdss 

1) Identification Words (2)t These words indicate the type of 
downlink tranmsisslon (List) and signal the start of the data 
transmission. 

2) Data Wbrde ( 96 ): Actual CQC/LQC words. The position of a 
data word In a List Identifies its content. There Is a unique 
Word Order Code associated with each type of word. 

The first card to be Input Is the Data Definition Card. This 
card Identifies the position of the COC/LQC words In a Prime 
Prune of PCM Telmsetry Data. 

The List being sent changes during the various phases of a 
mission program. A set of Edit Parameters Is required for each 
List. The amber of Lists to be used during the missions util¬ 
izing Block II Computers Is not known; as a preliminary estimate, 
this program should be able to accomodate up to twenty different 
lists. 
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A set of Edit Parameter* for any List will consist of: 

1) LIST ID card - This card contains ths bit configuration 
(la octal) of the ID Words of the List for which the tables 
following this card are to be used. 

2) R cards - These cards define the print format of the data 
for the particular list. 

3) EIO card - These cards define the ftigllsh phrase inter¬ 
pretations for the particular List. 

k) I Cards - These cards define the processing requirements 
for the particular list. 

3) KK) Card - This card Is the last card of the set of Edit 
Parsneters for the particular List. 

This sequence of cards will be repeated for each List. 

Run cards to be input with each run will consist of i 

l) OUI card - This card will contain the description of the 
particular ra and will be used as a page heading on the 
output listing. 

2) TIME cards - These cards will designate the data to be 
processed. Each card will contain a start and a stop tine 
In hours, minutes, and seconds. If aore than one TIME card 
Is used, the tines specified will not overlap and will be In 
sequence. 

3) HD OP RU1 card - signals the end of the Control Cards. 

Appropriate validity checks should be Bade on the format of 
these cards. Any card error will suspend the processing of 
and PCM or COT Data, but all cards should be scanned and all 
errors displayed even theugh no data will be processed. 

Usage of the Downlink Edit Progr a m - Block I has shown that the 
Edit Parsneters tend to be fixed once the data content of the 
Downlink Is known. Hew sets of Edit Parsneters will be used only 
for special applications. The Executive Segment should process 
the Downlink Edit Format Tables and the Downlink Requirements 
Tables and save then on tape so that subsequent runs with the 
sane type of data nay be made with no reprocessing of those cards. 

There Is a tine signal on the PCM Data Tape and the COT and the 
tine of tranmlsslon of each CQC/LQC word can be determined. This 
tine Is matched to the tine Intervals requested to determine what 
data la to be processed. Data should be processed from the first 
ID following the start tine to the end of the Downllst after the 
stop tine. The tine occurence of the ID Word must be available 
to the Executive Segment. 
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The CQC/lOC traaenltte blocks of firs 8 bit words into tbs 
PCM strew of telemetry. These forty bits contain the data 
to be processed. Fifty of these blocks represent a eosplete 
cycle through a Downlink List. The Dovnllst consists of a 
fixed length of 100 COC/LQC words, each block representing 
2 of these words. The first block of a Dovnllst contains the 
ZD Words. These words identify the List being tranaeitted. 
Following the ID Words are 96 Data words COC/lflC words are 16 
bits in length end are configured as: 

8/15 1* 13 12111098765*321? 

where: bit 15 is the Sign bit for nmerle data bits 
1 * thru 1 are the data bits for numeric data 
F is the Parity (Odd) bit. 

The Validity checks to be node on the COC/LQC data ares 

1) Check - Out of Sync signaled by OBCON 

Action - Message 3T1CSRR1, indicate which words are out 
of sync but process anyway. 

2) Cheek - Over ninety-eight data words since ID words 
Action - Nsssage SYBCKKR2, process first ninety-eight data 

worde and Ignore the rest until ID words received. 

3) Check - ID Words received before ninety-eight data words were 

received since last ID Words. 

Action - Message SY1CERR3. process data words received 
begin next Dovnllst with new ID Words. 

*) Check - Parity incorrect in first COC/LQC word In block 
Action - Message W0RDERR1, display the *0 bits In Octal and 
the index number. Do not process ths word in error. 

5 ) Check - Parity incorrect in second COC/LQC word in block 
Action - Message WQRDERR2, display the *0 bits In Octal and 

the index number. Do not process the word In error. 

6 ) Check - First ID Word, bits 15 to 11 Invalid 
Action - Nsssage W3RDERR3 

7) Check - First ID Word, bits 10 to 1 Invalid 

Action - Message WORDERR*. Invalid ID, display the *0 bits 

in octal and the index nusbor. Cycle until next ID 
received. 

8 ) Check - Second ID Word Invalid 

Action - Message W0RDERR5. display *0 bits in octal. If no 
error was found in the first ID Word, the ID will be 
considered Valid and ID word 1 will be used to 
determine the list being sent. 

VOTE: WDRDERR3 alone will not invalidate the ID. If no 
other ID errors are found, bits 10 to 1 of ID word 
1 will determine the list being seat. 4 . 210 
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TITIX: 

Purposes 


Inputs 


Outputs 


Exitss 


Descriptions 


PRBsnrrmoi skmeft 

lbs Prssentstlon Sepient receives the 16 bit CQC/LQC cords 
from the ExecutlTS Segment. These words are processed In the 
nsnner defined by the Downlink Requlxwnssts Tables snd displayed 
la the nsirner defined by the Downlink Kdlw Format Tables. 

The Inputs to this segment are: 

1) Edit Parameters sad ID Word configurations for all Downllsts 
to be processed. 

2) The 16 bit COC/LOC Wbrds. 

3) Error Indicators associated with the 16 bit words transmitted. 

The output frou this sepwnt is the printed listing in the 
formats defined by the Edit Panneters and any error messages 
generated. 

The normal sad the error exits frcn this segment are to the 
Executive Segment. 

This segment receives the l£ bit COC/LOC words and any error 
signals from the Executive Segment. Each word Is examined to 
determine If It Is on ID Word or a Data Word. tfcen the ID 
bbrds are received, the tine of their occuranoe Is printed as 
positioned by an E card. The Edit ParasMters for data following 
the particular ID are made ready for processing. The ID words 
nay be processed as data words for printing. Mien Data ttords 
are received, a check of the Edit Parameters will determine If 
the word Is to be used, and If so, how to process it. Error 
signals generate output messages. All CQC/LQC words are treated 
as binary fractions with the binary point between the 13 th sad 14th 
bits of the word. Double Precision quantities will require that 
processing be held up until both words have been received. 

lots that the most significant part and the least significant part 
of a double precision word As not necessarily have the sens 
sign. Use the following dlagma for a processing technique* 
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Method For Headline Double Precision Words: 
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Format•: 


APOLLO GAN Specification 
ND1002319 KEY 


Data Definition Card - This card locates the two sixteen bit 
CGC/LGC words and the Word Order Code (WOC) contained in the U0 
bits defined. This card also will define the representative WOC 
bit for ID Words. That is, the bit (0 or l) indicated will be in 
each bit position of the WOC for ID Words. The 5-8 bit words will 
be considered as individual bits numbered 1 to U0 with the left 
most bit of the first word called bit 1 and numbered consecutively 
to the right most bit of the fifth word, bit Uo. 


Columns 

Contents 

Comments 

1 to *1 

DATA 

defines card type 

9 to 11 

PCM 

comment 

22 to 25 

WRD1 

comment 

27 to 31 

xx-xx 

first and last bit position of CGC/LGC 
word 1 

to 37 

WRD2 

comment 

39 to i»3 

XX-XX 

first and last bit position of CGC/IX2C 
word 2 

1*6 to U8 

WOC 

comment 

50 to 5^ 

xx-xx 

first and last bit position of word 
order code 

57 to 61 

IDW0C ■ 

comment 

63 

X 

, WOC representative bit for ID Words 


Comments need not be checked for. The CGC/LGC words should be 16 bits 
in length, the word order code may be from 1 to 8 bits. All WOC bits 
will be identical if more than one is specified. The representative 
WOC bit for ID words is supplied. Data word WOC is assumed to be the 
complement of the ID WOC. See card exemple page for further clarification. 
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Downlink Edit 
Format Tables: 


A Downlink Edit Format Table is required for each Downlist to be pro¬ 
cessed. This table specifies the fixed format layout of the edit listing. 
A field width of 120 print characters is required. The spacing alloted 
between the title entries of this table is for the insertion of the 
CGC/LGC data as processed by the Presentation Segment. This table is 
composed of R cards. These cards provide the titled entries for the 
edit listing. No more than two cards are used to define any single 
line of the listing. The set of R cards for any Downlist will not 
define over 50 lines including spacing. 

Contents Comments 

R defines card type 

XX line sequence number 

y print control 

fixed format layout 

where: XX R cards for a particular List are in sequence by this 
number. This number is used by the E cards to identify 
the lines on which the processed data will be displayed. 

y » blank or 1, skip one line after printing 

■ 2, skip two lines after printing 

■ 9, fixed format layout of this card is the 
right most poriton of the previously defined line 

If y is blank, 1, or 2, columns 9 thru 80 of the card will 
be printed in print positions 1 to 72. 

If y is 9, columns 9 thru 56 will be printed in print posi¬ 
tions 73 to 120. 


Columns 

1 

6, 7 
8 

9 to 80 
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Downlink 

Requirements 

Tables: 


A Downlink Requirements laole is needed for each Downlist to be pro¬ 
cessed. This table defines the specific entries required for the 
edit listing by referencing the index number (word position in Down- 
list) of the words to be processed. This table specifies the exact 
placement, in terms of print positions, of each data entry in the 
fixed edit format defined by the Downlink Edit Format Table for this 
Downlist. This table also specified the processing required for each 
data entry in the output. A Downlink Requirements Table is composed 
of I cards and ENG cards. 


Columns Contents 


Comments 


1 

9, 10 

12 to 18 

25 to 30 
32 to 3k 
For 
36 to 62 


E 

XX 

xxx-xxx 


defines card type 

line number (match to R card line sequence 
number) 

print positions in output line where 
this entry is to be displayed. 


EQUALS 

XXX index number (001 to 100) 

quantitites to be displayed in decimal 

DP or SP (Double or Single Precision), Scale Factor (sign*, 
decimal point, one to ten decimal digits), power (E, 
sign, one or two decimal digits), S or NS (if S, print 
sign; if NS treat word as 15 bit unsigned number), MSB 
(for double precision, indicates most significant bits) 


For other quantitites 

36 to 50 XX or XX-XX or XX,XX-XX (bit positions to be considered - 
leading zeros not supplied) 

OCTAL (print bits indicated in octal) or 
BINARY (print bits indicated in binary) or 
ENGn (Extract bits indicated and search English table 
specified for match and insert associated phrase in out¬ 
put), I or blank (I, if bit 15 of the word is a 1, the 
bits indicated must be complimented before processing; 
if field is blank or if bit 15 is 0, the bits indicated 
are used as is). 

Fields will be seperated by commas, and except where mentioned, 
lead zeros will be supplied. 


The ENGn cards contain English phrases to Inserted in the output listing 
when certain combination of bits are present in key CGC/LGC words. 

The bits for comparison and the table to be searched are indicated by 
E cards. 


Columns 


Contents 


Comments 


1 to 3 
k 

8 to 23 


25 to 30 
33 to 53 


ENG defines card type 

n table number (n • 1 to 8) 

1 to 16 binary characters that is the bit pattern for which 
the English phrase will be substituted (bits specified a 
in E card are extracted and compared to the non-blank col¬ 
umns - right justified to column 23) 

EQUALS 

1 to 20 alphanumeric characters to be inserted in print 
positions defined in the E card - left justified to column 
33% A $ in column 33 means that no phrase is to be inserted 
for the bit pattern matched. 4 _ei« a 
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If the designated ENGn table is searched and no match is found, an 
error condition exists. A message, D0WKERR1 is printed along with 
the index nrnber of the word that contained the bits that could 
not be matched and the word (16 bits) in octal. 

A special application of the E card will be used to position the time 
of the ID word in the edit listing. Index word 000 will indicate 
this time and it will be positioned in the normal manner. E.G. 

E 06,018-037 EQUALS 000 

Print GMT on the line defined by R 06 in print positions 018 through 
037. The processing requirements for this word are already defined. 
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List Identification Card - This card is the first card of the set 
of Edit Parameters for a particular Downlist. The bit configurations 
of the ID Words, vhose data will be processed according to the 
tables following this card, are contained in this card. 

Columns Contents Comments 

1 to LIST defines card type 

7 to 12 XXXXXX bit configuration in Octal of first ID 

word 

15 to 20 XXXXXX bit configuration in Octal of second 

ID word 

The 16 binary bits are converted into 6 octal characters by adding 

two binary zeros to the right to make 18 binary bits E.G. C1100100001101111) 

will be in the card as 62067**. 

End Card - This card is the last card of the set of Edit Parameters for 
a particular Downlist. 

Columns Contents Cot:m«T,t 

1 to 3 END defines card type 

The Edit Parameters for each Downlist consist of: LIST ID card, R cards, 
ENGn cards, E cards and the END card in that order. 
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Cards Input for each run: The page title card contains the run description, date, OCP, 
•etc, and is printed once per page. 

Columns Contents Comments 

1 to 3 GUI defines card type 

5 to 75 page title to be printed as the first line of 

each page. 

The data to be processed are defined as a set of 1 to n +'me 
intervals. Each card contains the start and stop time of u data 
interval. For multiple intervals, the times will not overlap and 
will be in sequence. 


Columns 

Contents 

Comments 

1 to k 

TIME 

defines card type 

6, 7 

XX 

start time, hours 

8, 9 

YY 

start time, minutes 

10, 11 

ZZ 

start time, seconds 

13, 1U 

TO 


16, 17 

XX 

stop time, hours 

18, 19 

YY 

stop time, minutes 

20, 21 

ZZ 

stop time, seconds 

The last 

card to be input is 

the End of Run card. 

Columns 

Contents 

Comments 

1 to 10 

END OF RUM 

defines card type 
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E ' 02, 018-026 EQUALS 062,DP,+.l6777528E+5,S,MSB 
E - specifies requirements equals card 

02 - specifies the number of a R card entry in the Edit Format table 
which designates the line that this data is to be printed on. 

018-026 - specifies the print positions of line 02 that this data is 
to be printed in 

062 - specifies the position in the Downlink List (index number) that 
contains the data to be processed. 

DP - specifies that the data is double precision 
♦.16777528 - specifies the numeric value of the scale factor 
£♦5 - specifies the power of the scale factor 
S - specifies the data is a signed number 

MSB - specifies that word 062 is the most signifient bits of the 
double precision quantity. 

This card requires that the Ik data bits of word 062 and the lU data 
bits of word 063 be combined as previously described into a 28 bit 
binary fraction, converted to a decimal fraction, multiplied by 16777.528 
and printed in positions 018 to 026 of line 02. 


Example 2 E 6l,0VT-062 EQUALS 029.7.5-1.EMG2 

E - specifies requirements Equals card 
6l - specifies the number of the R card • .try 
0U7-062 - specifies the print positions of R 6l for display 
29 - specifies the eindex number of the data 
7,5-1 - specifies the bits to be extracted from word 029 
ENG2 - specifies the table of English phrases that is to be searched 
for the same pattern of the bits extracted. 

This card requires that bits 7 and 5 thru 1 be extracted from word 
029. These bits are then compared to the patterns that are part of 
English phrase table EHG2. When the bits are matched, the English 
phrase associated with that pattern is printed in print positions 
0U7 to 062 of the line defined by R card 6l. 
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S E OU, 109-109 EQUALS 012,6 .BINARY 


E - specifies requirements Equals card 

04 - specifies the number of a R card entry 

109-109 - specifies the print position on line defined by R04 

012 -specifies the index number of the data 

6 - specifies the bit position to be extracted from word 12 

BINARY - specifies that the bit be displayed in binary* 


Example 4 E 06,097-112 EQUALS 026,15-1.OCTAL 


E - specifies requirements Equals card 

06 - specifies the R card line number ^ 

097-112 - specifies the print position in the line defined by R Oo 
026 — specifies the index number of the CGC/IXJC data 
15-1 - specifies the bits of word 012 to be processed 
OCTAL - specifies that the data is to be printed in octal 


Example 5 


EEG2 001001 EQUALS 


ms ALICE 


ENG2 - specifies requirements English card 

001001 - specifies the bit pattern that will be interpreted by 

the english phrase . . . .. 

PIKE ALIGN - specifies the message that is to be printed in tne 
print positions called out by the E card that refers to the 
ENG2 table. 

This card is actually a sub-card to an E card. The E card specifies 
the bits of a CGC/LGC word to be compared to the various entries of 
the ENG2 table and the print positions for the message. 
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Input Card Deck Makeup: 



' f END OF RUN 





7 



( TIME 

, 1 

_i 

CONTROL CARDS 


u 


' Input each run 


1 


EDIT PARAMETERS 

this sequence of 
cards Is repeated 
for each Dovnllst 


DATA DEFINITION CARD 
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Tide: 

£nrt_Of : 

Purpose: 


Calling Sequence : 


GC Downlink Format Program, Block II GW 221 
Downlink Program 

The GC transmits blocks of five 8-bit words (time slots 
32-36) into the PCM T/M at a 50 block per second rate. 

These data blocks represent a complete cycle through one 
GC Downlist. The Downlist consists of a fixed length of 
100 GC words, each data block representing 2 of these 
words. The list address contained in the ID word identifies 
the transmitted parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of GC word represented* 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 


Entry: This subprogram operates under Downlink Execu¬ 
tive Program control and is initiated by receipt of an 
, Executive program interrupt. 

Data: 11 A sequence of 50 blocks of five 8-bit words 
, during 1 second. 

2) Notification upon loss of a block (prime frame) 
or sequence of 50 blocks (sub-frame). 

Normal Exit: Valid data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


Error Exit: Error conditions will be displayed on the CRT. A 
search for an ID word to enable further data processing, occurs 
under certain error conditions. The CRT error displays 
are detailed in Table 221-1. 
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Computation Sequence; 

The program receives blocks of five 8-bit words, con¬ 
figured as follows: 


WORD 1 

WOC 

S/15 

14 

13 

12 

11 

10 

9 

WORD 2 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 3 

P 

S/15 

14 

13 

12 

11 

10 

9 

WORD 4 

8 

7 

6 

5 

4 

3 

2 

1 

WORD 5 

P 

X 

X 

X 

X 

X 

X 

X 


where WOC • Word order code (1 bit) 

P * Odd parity pC word) 

X * 0 as presently configured 

The data block contains 2 GC 16-bit data or DSPTAB 
words, except where an ID word is encountered. The 
individual word formats are specified below. The GC 
data word includes a parity (P) and sign (S) bit. (See 
Figure 221-1.) 

(Bits) S/15 ' 1 P 

1 1 ii i i i i n i i i i rn 

__' 

Data Content 

Figure 221-1 

The DSPTAB word format is essentially as specified 
in Figure 221-1, as far as this program is concerned. 
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The identification (ID) word format contains five 
leading zeros with bits 1-10 containing the data list 
address. The complete ID word format is: 


WORD X 

15 10 IP 

loioioioioi i i i i 11 i rm 

^ _ ✓ 

Data List Address 


WORDY 

fo roToToT o1 oTlToro I oillililiHhi 

V J 

Fixed Bit Pattern 
(00437) 8 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed for data monitoring or for DSKY display moni¬ 
toring. The specified Downlink lists which initiate the operation 
of this program are contained in GAN 224, Table 224-1. 

Basically, Program GAN 221 receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE-S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 221-2) 
where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
*1' indication. If a '1' is encountered the word must be 
complemented prior to transmitting the word to GAN 622 
for further processing. Upon detection of an ID word, the 
data list address is transmitted to GIN 224 to allow that program 
to utilize the correct display format and scaling information. 

Figure 221-2 is given as a representative flow, to convey the 
intent of the subprogram operation. 
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Operator Action : 
Spacecraft Operator ; 
Uplink Requirements : 
Downlink Requirements: 


References: 
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Console Operator: No activity required. 
No activity required. 

Not applicable. 


Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
221-1. The ACE requirements specification contains the 
CRT page and line information. 

ACE-S/C Computer Subprogram, G&N 224 Downlink Inter¬ 
pretation Program. 
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TABLE 221-1 


Error Description CRT Display 


This indicates that Wordcnt 
has incremented beyond a 
specified limit. 

SYNCERR 

1 

At this point Wordcnt should 
be 101, if an ID has been 
received in the correct 
sequence. 

SYNCERR 

2 

Parity is incorrect' in 
the first LGC word in 
data block. 

WORDERR 

1 

Parity is incorrect in 
the second LGC word in 
data block. 

WORDERR 

2 

ID word (bits 11 - 15) 

4 (OO)e 

WORDERR • 

3 

Fixed bit pattern in 

ID word is illegal. 

WORDERR 

k 

Invalid list address en¬ 
countered after attempting 
to utilise second LGC word 
to identify ID word. 

WORDERR 

5 

Invalid list address en¬ 
countered in the first LGC 
word in data block. 

WORDERR 

6 
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Figure 221-2 a of 2) 
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Title : GC Downlink Interpretation Program, Block II G&N 224 

Part Of : Downlink Program 

Purpose : This subprogram defines the interpretation of the GC Down¬ 

link data which is required for ACE-S/C console operator 
usage and information. The processing requirements for 
the Nominal GC Downlink list for SUNDIAL is included in 
this document. 

Calling Sequence : Entry: This subprogram is activated by the GC Downlink 

Format Program. G&N 221 whenever the Format Program 
is processing Downlink data. 

Data Input: Input from G&N 221 to the Downlink Interpretation 
Program consists of a 16-bit GC data word stored in the 
computer. Two types of GC words will be processed by G&N 
224: 


1) Identification: This word specifies the data list 
' which is being received by G&N 221. 

2) Data: Actual GC data words. The position in the 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use by other ACE¬ 
S/C G&N subprograms. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to G&N 221. 

Error Exit: None 

Computation Sequence : The Nominal Downlink List for the GC is transmitted once 

per second and consists of 100 words (two per prime frame). 

Table 224-1 describes the contents of the List and provides the 
processing requirements for each word. 
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Operator Action : Console Operator - No activity required. 

Spacecraft Operator - No activity required. 


Uplink Requirements: 

No stimuli required. 


Downlink Requirements : 

Data Manipulation - Found in the computation 
sequence section. 

CRT Display - The ACE Requirements Specification 
contains the CRT scope page and line information. 

Filing Requirements : None 
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Table 224-1 

Nominal GC Downlink List 


ford NO. 

Word Name 

G&N 224 Processing Requirements 

1 

01724 

None 

2 

00437 

None 

3 

PIP AX 

Defined in Table 224-2 

4 

PIPAY 

Defined in Table 224-2 

5 

PIPAZ 

Defined ln Table 224-2 

6 

BMAGX 

Defined in Table 224-2 

7 

BMAGY 

Defined in Table 224-2 

8 

BMAGZ 

Defined in Table 224-2 

9 

PUSHLOC 

None 

10 

PRIORITY 

None 

11 

LOC . 

None 

12 

BANKSET 

None 

13 

DELVX 

* None 

14 

DELVX+1 

None 

15 

DELVX+2 

None 

16 

DELVX+3 

None 

17 

DELVX+4 

None 

18 

DELVX+5 

None 

19 

SELFRET 

None 

20 

SMODE 

None 

21 

SFAIL 

None 

22 

ERCOUNT 

None 

23 

IMODES30 

Defined in Table 224-2 

24 

IMODES33 

None 

25 

DESOPTT 

None 

26 

DESOPTS 

None 

27 

CDUX 

Defined in Table 224-2 

28 

CDUY 

Defined in Table 224-2 

29 

CDUZ 

Defined in Table 224-2 
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Table 224 


ford No. 

Word Name 

30 

CDUT 

31 

CDUT 

32 

CDUS 

33 

STATE 

34 

STATE+1 

35 

STATE+2 

36 

STATE+3 

37 

REDOCTR 

38 

FAILREG 

39 

OPTMODES 

40 

SWSAMPLE 

41 

DESOPMOD 

42 

WTOPTION 

43 

IMUCADR 

44 

OPTLADR 

45 

THETAD 

46 

THETAD+1 

47 

THETAD+2 

48 

DESOPTT 

49 

MARKSTAT 

50 

TIMESAV 

51 

DRIFTO 

52 

DRIFTOl 

53 

DRIFTI 

54 

DRIFTI+1 

55 

DRIFTT 

56 

DRIFTT+1 

57 

GAZIMUTH 

58 

GAZIMUTH+1 

59 

ANGZ 

60 

ANGZ+1 
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Table 224-1 (Continued) 


Word No. Word Name 


61 

ANGY 

62 

ANGY+1 

63 

ANGX 

64 

ANGX+1 

65 

VLAUN 

66 

VLAUN+1 

67 

WPLATO 

68 

WPLATO+1 

69 

WPLATI 

70 

WPLATI+1 

71 

WPLATT 

72 

WPLATT+1 

73 

PIPAN 

74 

INTVEC+1 

75 

PIPAE 

76 

INTVEC+3 

77 

UPLOCK 

78 

TGLOC 

79 

DSPTAB+0 

80 

DSPTAB+1 

81 

DSPTAB+2 

82 

DSPTAB+3 

83 

DSPTAB+4 

84 

DSPTAB+5 

85 

DSPTAB+6 

86 

DSPTAB+7 

87 

DSPTAB+8 

88 

DSPTAB+9 

89 

DSPTAB+10 

90 

DSPTAB+11 


G&N 224 Processing Requirements 

Defined in Table 224-2 
None 

Defined in Table 224-2 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Defined in Table 224-2 
None 

Defined in Table 224-2 
None 

Defined in Table 224-2 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Defined in Table 224-2 
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Word No. 

Word Name 

Table 224-1 (Continued) 

G&N 224 Processing Requirements 

91 

TIME2 

Defined in Table 224-2 

92 

TIME1 

Defined in Table 224-2 

93 

CHANNEL 11 

Defined in Table 224-2 

94 

CHANNEL 12 

Defined in Table 224-2 

95 

CHANNEL 13 

Defined in Table 224-2 

96 

CHANNEL 14 

None 

97 

CHANNEL 30 

Defined in Table 224-2 

98 

CHANNEL 31 

Defined in Table 224-2 

99 

CHANNEL 32 

Defined in Table 224-2 

100 

CHANNEL 33 

Defined in Table 224-2 
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TABIE 224-2 (continued) 


Notes: 

a) If the bit indicated equals 1, display the word underlined. 

If the bit indicated equals 0, display the word parenthesis. 

b) If the bit indicated equals 1, set the SGS discrete that displays the 

word in the display column. If the bit equals 0, remove the appropriate 
3GS discrete. 

c) Display the following: 


BIT 4 

BIT 5 

"XXX"DI3PLAY 

u 

0 

OFF 

0 

1 

ZER 

1 

0 

CMC 

1 

1 

MAN 


d) Store bit STATUS for G&N 631. 

e) Combine the 14 magnitude bits of the most significant part (MS) with 
14 magnitude bits of the least significant *art (LS). Hie decimal 
conversion should be made only after the two parts of the double 
precision word have been sign checked. Hie signs appear in bit 15 of 
each word. 

f) Store values of TIME 1, TIME 2 and RANGE TIME for G&N 602. 

g) Store bit status for G&N 622 and G&N 632 
li) Store bit status for G&N 63I. 
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GC Clock Initialization Program GW 601 
Mission Initialization and GC Alignment Program 


This program sets the GC clock registers TIME 1 
and TIME 2 equal to some predetermined preset value 
at a given Range Time. 

The purposes of G&N t>01 are as follows: 

A. To insert into the GC clock registers a predeter¬ 
mined preset value of time at a given range time. 

B. Insert in GC erasable memory a double precision 
value of Time-to-Epoch, when required. 

C. Prepare inputs for G&N b02 

NOTE: The uplink transmission (Noun-Verb sequence) 
format will be the same for the primary and secondary 
functions of this specification. 

Calling Sequence : A. Enter Range Time (Tpp) for insertion of the GC 

clock preset value by the following C-START entry: 

1) Windows 10-9 insert 90 

2) Windows 8-7 insert XX hours of T pp 

3) Windows 6-5 insert XX minutes of T Rp 

4) Windows 4-2 insert XXX seconds of T ni> (to the 
nearest tenth) 

5) Window 1 insert 0 

B. Insert the GC clock preset value as follows: 

1) Windows 10-9 insert 91 

2) Windows 8-5 insert ±XXX hours of E 

p 

3) Windows 4-3 insert XX minutes of E p 

4) Windows 2-1 insert XX seconds of E^ 


Title : 

Part Of: 
Purpose: 
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C. Insert the first GC address of the time 
registers into which the preset value E is to be 
stored, also enter the constant K for p GAN 602, 
This C-START entry is: 

1) Windows 10-9 insert 70 

2) Windows 8-4 insert YYYYY the 5 digit GC 
octal address for the time registers. 

3) Windows 3-2 insert XXX milleseconds for K. 


D. Enter the Epoch time, T„, that is to be stored in 

the GC. E 

1) Windows 10-9 insert 80 

2) Windows 8-5 insert ± XXX hours of Tg 

3) Windows 4-3 insert XX minutes of Tg 

4) Windows 2-1 insert XX seconds of Tg 

E. Enter the GC octal address, LOC, into which Tg 
is to be stored. 

1) Windows 10-9 insert 71 

2) Windows 8-4 insert YYYYY octal address LOC. 

3) Windows 3-1 insert 000 

F. Call up GAN 601 through the R-START Module specified 
in the PRPS. 

Input Data: 

T n - Range Time maintained in ACE-S/C computer. 
K 1 

E^ - Preset time to be inserted in GC clock. 

P 

Trp - Range time at which E^ is to be inserted. 

Tg - Time to Epoch when required. 

Normal Exit: Uplink Transmission to the GC and 
temporary storage of the following quantities. 

K - transmission delays to be supplied jointly by 
AC and G. E. 
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Computation Sequence: 


T HRS * Range time truncated to hrs * 

T„ - Range time 
R 1 

E - Preset time 
P 

Error Exit: None. 

The following sequence should occur: 

1) When Range Time, T , is equal to T RpJ the 

quantities E and the GC address for the 

time registers are transmitted uplink using the 
commands listed under Uplink Commands. 

2) If LOC is not equal to zero, then the quantities 
T e and LOC are transmitted uplink using the 
commands listed under Uplink Commands. 

3) Store the following items for inputs into GAN 602; 
Tp - Range time, which is also equal to Tpp 

E_ - Preset time 
P 

T„ D e “ The value of T„ , truncated to hours 
rlno Kj 

K - constant to be used in GAN 602 

4) All uplink commands are to be time tagged and 
filed on the Uplink File Tape. 

5) Before the double precision words E and T £ 
are transmitted uplink they must be converted 

to double precision words which have a least signifi¬ 
cant bit of 10 millesecond value. 


Key Code Complement 

1 xxxxx xxxxx xxxxx 

5 Bit Keycode 5 Bit Keycode 


Figure 601-1 
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Command Uplink: AU uplink transmissions per Figure 601-1 will be as follows- 


1 

10001 

OHIO 

10001 

(VERB) 

1 

00010 

11101 

00010 

(2) 

1 

00100 

11011 

00100 

(4) 

1 

mil 

00000 

11111 

(NOUN) 

1 

10000 

01111 

10000 

(0) 

1 

00001 

11110 

00001 

(1) 

1 

11100 

00011 

11100 

/ENTER) 

> n A 4 /V^m At 


VlVl 0 ! 

wm 

°i 0 i 0 i 0 i°i 

(DIGIT 1, OCTAL 
ADDRESS) 

°2 0 2 0 2 0 2°2 

hhWi 

0 2°2 0 2 0 2 0 2 

(DIGIT 2, OCTAL 
ADDRESS) 

°3 0 3°3 0 3 0 3 

WTO 

°3 0 3 0 3 0 3°3 

(DIGIT 3, OCTAL 
ADDRESS) 

0 4 0 4 0 4 ° 4 ° 4 

» 4 m 

°4 0 4 0 4°4 0 4 

(DIGIT 4. OCTAL 
ADDRESS) 

0 5 0 5 0 5 0 5 0 5 

WTO 

VsWs 

(DIGIT 5, OCTAL 
ADDRESS) 

11100 

00011 11100 (ENTER) 

WlVl 

p- inn) o 
11111 

0 0 0 0 0 
11111 

(DIGIT 1. WORD 1) 

°2 0 2 0 2 0 2°2 

^2°2^2^2°2 

O.OaOaOaO. 

2 2 2 2 2 

(DIGIT 2. WORD 1) 

°3 0 3 0 3 0 3°3 

WTO 

°3 0 3 0 3 0 3°3 

(DIGIT 3, WORD1) 

°4 0 4 0 4 0 4°4 

WTO 

°4 0 4 0 4 0 4°4 

(DIGIT 4, WORD 1) 

°5 0 5 0 5 0 5°5 

WTO 

°5 0 5 0 5 0 5°5 

(DIGIT 5. WORD 1) 

11100 

00011 11100 (ENTER) 

0 0 0 0 0 
w l w l w l 1 1 

Wff. 

WlVl 

(DIGIT l.WORD 2) 

0 2°2 0 2 0 2°2 

°2 0 2 0 2 0 2°2 

®2®2®2®2®2 

(DIGIT 2. WORD 2) 

0 3°3 0 3 0 3°3 

°3 0 3 0 3 0 3°3 

0 3°3 0 3°3 0 3 

(DIGIT 3. WORD 2) 

0 4°4 0 4 0 4 0 4 

WTO 

°4 0 4 0 4 0 4°4 

(DIGIT 4. WORD 2) 

°5 0 5 0 5 0 5°5 

WTO 

WsVs 

(DIGIT S, WORD 2) 

11100 

00011 11100 (ENTER) 

11001 

00110 11001 (KEYBOARD RELEASE) 
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Verify: 

Store: 

CRT Display: 
Operator Action : 

Uplink Requirements : 
Downlink Requirements 

Remarks: 
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Each Uplink Transmission is to be verified via CSR Verify 
response. A non-verify response should be indicated by a 
CRT display of "TIME ERROR l". 


T_ E , Tuoqi and K for inputs to GAN 602 
R j p rino 

"TIME EPOCH XXX HRS XX MINS XX. XXX SECS" 


Console Operator: When Clock Initialization Program is 
desired, perform the C-START entries 
before R-START call-up of GAN 601 is made. Make sure 
there is no other major Uplink Activity at this time. 

Spacecraft Operator: No activity required. 

See COMPUTATION SEQUENCE. 

: Measurement ID: Not applicable. 

Tolerance: Not applicable. 

Definition of terms used in this subprogram are as follows: 


T D - Range Time (hrs, mins, secs, ms) 

R 1 

E - Preset time for GC clock (hrs, mins, secs, ms) 


T„d - Range time at which E is to be inserted (hrs, mins, 
secs. ms). p 

Tg - Time to Epoch (hrs, mins, secs, ms) 

K - Transmission delays (ms) 

LOC - Location (octal) of address in erasable GC memory. 
Trrs * Range time truncated to Hrs. 
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Title: 
Part Of: 
Purpose: 


Calling Sequence : 


GC Time Verification Program GAN 602 

Mission Initialization and GC Alignment Program 

This program la designed to align the GC time dock to the 
Range Time reference. This program calculates the time 
alignment At which Is to be added algebraically to the GC 
clock register TIMEl and TIME2 to correct for transmission 
delays in loading and reading these registers. 

Call-up through the R-START Module specified In the PRP8 
or PRD. 

Inputs: 

T R * from GAN 601 - Range time of initiation (hrs, 
n 1 mins, secs, ms) 

ThRS • Range time truncated to Hrs from GAN 601 

K * Transmission delays from GAN 601 

Ep * Preset time inserted in GC Clock from GAN 601 

T A * Time from GAN 624 or 224 

T„ ■ Range Time of GC time receipt 
k 2 

Normal Exit: Display At in seconds. 

Error Exit: Display error sources as specified. 
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Computation Sequence: 

Compute At * (Tp^ - T R ^) - (T A - E p ) - K 

Note: See explanatory flow chart of At calculation (Figure 
602-1) and explanation of computations in Remarks 
section. 

Display: At (in seconds, decimal) in the following format: 

’•delta TIME ± XXX. XXX SECS” 

Store: At as input to GAN 603 
Test: 

(1) If /At/ ^15 minutes display “TIME ERROR 2”, 

If /At/ < 15 minutes, continue. 

(2) When T. is sampled for GAN 602 sampling should 
not occur while the GC time registers in the 

, Downlink Computer memory are being updated. 

Since the Range Time is initialized every 24 hours, it is 
necessary to program a counter which contains the total 
hours from the initiation of GAN 601. A proposed flow 
chart for such a routine is given in Figure 602*1. 

It should be noted that T R ^ T R ^ and T A can be broken 

down into units of hours, minutes, seconds and milli- 
seconds. The compare statements in Figure 602-1 use only 
units of hours which are truncated. 


O perator Action: 


Console Operator: When time verification program is 
desired, call up is made through R-START Module 
activation. 

Spacecraft Operator: No activity required. 
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Uplink Requirements: 

Transmission to GC: None 

DTCS Stimuli Location: Not Applicable 

Time of Transmission: Not Applicable 


Downlink Requirements : 

Measurement ID: Measurement No, G 0001V 


Tolerance: 


If program fails At test, indicate failure by display 
indicated under TEST in "Computations section and 
return to Uplink Control Program, 


Failure of program to execute because of no GC time 
available should be indicated by "TIME ERROR 4 and 
exit should be made to Uplink Control Program. 


The accuracy of At is to be 10 milliseconds. 


Filing Requirements: 

During System Tests a recording of T R . T R * E P* 

1 2 

T K T T 0 and DCNT should be made. 

A * * R HRS. R 2(HRS) 

Remarks: Definition of terms used in this subprogram are as follows: 

T 0 - Range time from GAN 601 in hrs, mins, secs, ms. 
R 1 

t - Range time from GAN 601 truncated to hrs. 

HRS 

K * Transmission delays from GAN 801 in ms. 

E p * Present Time insert in LGC clock from GAN 601, 

P in hrs, mins, secs, ms. 

T - GC time from G&N 224 or G*N 624 in hrs, mins, secs, ms. 
A 

T - Range time of GC time receipt in hrs, mins, 

R 2 secs, ms. 
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Figure 602-1 
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Title: GC Time Correction GM* 603 

Part Of: Mission Initialization and GC Clock Alignment Program 


This program adds, algebraically, the differential 
time correction, At, to the GC clock to align it to 
Range Time. This program formats and transmits 
through the GC Uplink the At which is then added to 
the GC to complete the alignment. G&N 601 and 
602 must have been successfully executed before 
G&N 603 is executed. 


Calling Sequence: Entry: Call-up through the R-START Module specified in 

- the PRPS or PRD. 

Input: At from G&N 602 

Normal Exit: Display At as per G&N 602. Return to 
Uplink Control Program. 

' Error Exit: Display "TIME ERROR 3" to indicate At not 
transmitted or incorrectly transmitted. 


Computations Sequence: 

1) "Transmit At by the following Uplink Transmission. 
The format of the GC Uplink Transmission is given in 
Figure 603-1. 
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XXXXX, 

5 Bit Keycode 


Keycode Complement 

XXXXX XXXXX 


5 Bit Keycode 



Figure 603-1. 

LGC UPLINK FORMAT 

1 

10001 

OHIO 

10001 

(VERB) 


1 

00101 

11010 

00101 

(5) 


1 

00101 

11010 

00101 

(5) 


1 

11100 

00011 

11100 

(ENTER) 


1 

SIGN 

SIGN 

SIGN 

(SIGN OF At) 

1 

°iW 

0 0 0 
11 1 

o 

o 

*-• 

o 

0 0 0 0 0 

W 1 1 1 11 

(1st DIGIT OF 

At) 

1 

0 2 0 2°2 0 

2°2 V 

0 0 o 0„ 

2 2 2 2 

0 2 0 2 0 2 0 2°2 
(2nd DIGIT OF 

At) 

1 

V.V 

3°3 V 

0 0 0 

3 3 3 3 

°3 0 3 0 3 0 3°3 
(3rd DIGIT OF 

At) 

1 

o 

o 

o 

4°4 V 

o 

o 

o 

°4 0 4 0 4 0 4°4 
(4th DIGIT OF 

At) 

1 

°sW 

5°5 V 

VW* 

°5 0 5 0 5 0 5 0 5 
(5th DIGIT OF 

At) 

1 

11100 

00011 

11100 (ENTER) 


1 

11001 

00110 

11001 (KEYBOARD H 


Verify: Each Uplink Word Transmission by using appropriate 
Uplink Verification Program. Indicate transmission failure 
by CRT display "TIME ERROR 3". 


Operator Action: Console Operator: When GAN 603 is desired, call-up is 

made through R-START Module activation. 


Spacecraft Operator: No activity required. 
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Uplink Requirements: 

See "Computations" Sequence. 

DTCS Stimuli Location: not applicable 

Time of Transmission: no requirement 

Filing Requirements: All information transmitted should 
be recorded on Uplink Command File Tape. 

Downlink Requirements : 

Measurement ID: not applicable. 

CRT Display: See Exits under Calling Sequence. 
Processing Category: See Program No. GAN 602 

Remarks: This mode requires previous calculation of At by GAN 

602. The sign and five most significant digits are 
transmitted uplink. 
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Title: 


Guidance Computer Downlink Format Program GIN 621 


Part Of: Downlink Program 


The LGC transmits blocks of five 8-bit words (time 
slots 65-69) into the PCM T/M at a 50 block per 
second rate. These data blocks represent a complete 
cycle through one LGC Downlist. The Downlist con¬ 
sists of a fixed length of 100 LGC words, each data 
block representing 2 of these words. Several lists 
are specified for LEM Block II, where the list address 
contained in the ID word identifies the transmitted 
parameters. 

The Downlink Format subprogram accepts each block of 
five 8-bit words, verifies parity, and reformats each word 
into a 16-bit format. The type of LGC word represented 
is identified and the word is routed to other ACE-S/C 
subprograms for subsequent processing. 


Calling Sequence: Entry: This subprogram operates under Downlink Execu¬ 

tive Program control and is initiated by receipt of an 
Executive program interrupt. 

Data: 1) A sequence of 50 blocks of five 8-bit words 
during 1 second. 

2) Notification upon loss of a block (prime frame) 
or sequence of 50 blocks (sub-frame). 

Normal Exit: Valid data is transmitted to the appropriate 
ACE-S/C subprogram for further processing and display. 


Error Exit: Error conditions will be displayed on the 
CRT and recorded on the Downlink file tape. A search 
for an ID word to enable further data processing, occurs 
under certain error conditions. The CRT error displays 
are detailed in Table 621-2. 
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Computation Sequence: 

The program receives blocks of five 8-bit words, con¬ 
figured as follows: 


WORD 1 WOC S/15 

14 

13 

12 

11 

10 

9 

WORD 2 

8 7 

6 

5 

4 

3 

2 

1 

WORD 3 

P S/15 

14 

13 

12 

11 

10 

9 

WORD 4 

8 7 

6 

5 

4 

3 

2 

1 

WORD 5 

P X 

X 

X 

X 

X 

X 

X 

where WOC 

P 

X 

* Word order code (1 bit) 

* Odd parity (LGC word) 

« 0 as presently configured 





The data block contains 2 LGC 16-bit data or DSPTAB 
words, except where an ID word is encountered. The 
individual word formats are specified be ;w. TheLUt 
data word includes a parity (P) and sign (S) bit. (See 
Figure 621-1 


(Bits) S/15 1 p 

n i i i i M I I I I i I L B 

'--- ' 

Data Content 

Figure 621-1 

The DSPTAB word format is essentially as specified in 
Figure 621-1, as far as this program is concerned. 
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The identification (ID) word format contains five 
leading zeros with bits 1-10 containing the data list 
address. The complete ID word format is: 


WORD X 

15 10 IP 

lolololoioi I I II I II I I I I 

s-' 

Data List Address 


WORD Y 

15 IP 

101010101 PlotII 0101 on imlTTTni 

Fixed Bit Pattern 
(00437L 


Word X precedes Word Y in the data block transmittal 
(Word 1 - Word 5). The Word order code (WOC) bit 
contains a 1 for all data and DSPTAB words, and a 0 
for the ID word. The position of the LGC word in the 
fixed length list determines whether the word is to be 
processed for data monitoring or for DSKY display moni¬ 
toring. Table 621-1 contains the specified Downlink lists 
which initiate the operation of this program. 

Basically. Program GAN 621 receives PCM data blocks, 
checks parity, and determines the word type, to allow the 
transfer of 16-bit words to ACE -S/C programs for subse¬ 
quent processing. A word count is utilized to detect any 
deviation from the normal list transmission. A block count 
is also utilized to indicate if both words in the data block 
have been processed and so allow the reading in of another 
block. 

When an error is sensed, display and recording of pertinent 
information takes place and depending upon the type of error, 
control is transferred to point C in the flow chart (Figure 
621-2) where a search for an ID word is initiated. 

If a DSPTAB word is detected, then bit 15 is checked for a 
*1' indication. If a '1' is encountered the word must be 
complemented prior to transmitting the word to GAN 622 
for further processing. Upon detection of an ID word, the 

data list address is transmitted to GAN 624 to allow 
that program to utilize the correct display format and 
scaling information. Figure 621-2 is given as a representative 
flow, to convey the intent of the subprogram operation. 
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Console Operator: No activity required. 

Spacecraft Operator: No activity required. 

Not applicable 

Filing: Upon detection of an error the appropriate informa¬ 
tion is recorded on the Downlink file tape as specified in the 
flow chart and Table 621-2. (Applicable until the Downlink 
File capability ia removed.) 

Display: This information is detailed in the flow chart and 
consists of program error displays as specified in Table 
621-2. The ACE requirements specification contains the 
CRT page and line information. 
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Table 621-1 


BASIC DOWNLIST FORMAT FOR LEM BLOCK II 


WORDCNT 

DATA 

Five-Word 

BLOCK 

1 and 2 

ID 

1 

3-76 

3 7 DP words, the 
data contents of 
which are speci¬ 
fied by the ID list 
address 

2-38 

77 

78 

UPLOCK 

T6LOC 

39 

79 

80 

DSPTAB +0 
DSPTAB +1 

40 

81 

82 

DSPTAB +2 
DSPTAB +3 

41 

83 

84 

DSPTAB +4 
DSPTAB +5 

42 

85 

86 

DSPTAB +6 
DSPTAB +7 

43 


WORDCNT DATA Five-Word 

_BLOCK 


87 

DSPTAB +8 

44 

88 

DSPTAB +9 

89 

DSPTAB +10 

45 

90 

DSPTAB+11 


91 

TIME 2 

46 

92 

TIME 1 

93 

(Channel 11) 

47 

94 

(Channel 12) 

95 

(Channel 13) 

48 

96 

(Channel 14) 

97 

(Channel 30) 

49 

98 

(Channel 31) 

99 

(Channel 32) 

50 

100 

(Channel 33) 


Four ID groups shall be accepted as valid by this program: 


Downlist No. 

Word 1® 

Word 2 r 

1 

00321 

00437 

2 

01610 

00437 

3 

01437 

00437 

4 

00001 * 

00437 
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Table 621-2 (Continued) 


Error Description 

CRT Display 

File Tape Listing 

This indicates that Wordcnt 
has incremented beyond a 
specified limit, with no 

ID word detected. 

At this point Wordcnt should 
be 101, if an ID has been 
received in the correct 

SYNCERR 1 

i 

SYNCERR 2 

621, SYNCERR1, Time Tag ' 
Reference, WORDCOUNT, 

5 word block 

621, SYNCERR 2, Time Tag 
reference, WORDCOUNT, 
5-word block. 

sequence. 



Parity is incorrect in 
the first LGC word in 
data block. 

1 

WORDERR 1 ) 

1 

t 

621, W0RDERR1, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

Parity is incorrect in 
the second LGC word in 
data block. 

WORDERR 2 

621, WORDERR 2, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

ID word (bits 11 -15) 

i (00) 8 

WORDERR 3 

621, WORDERR 3, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

Fixed bit pattern in 

ID word is illegal. 

WORDERR 4 

621, WORDERR 4, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

Invalid list address en¬ 
countered after attempting 
to utilize second LGC word 
to identify ID word. 

WORDERR 3 

621, WORDERR 5, Time Tag 
reference, 5 word block, 
WORDCOUNT 

Invalid list address en¬ 
countered in the first I/3C 
word in data block. 

WORDERR 6 

621, WORDERR 6, Time Tag 
reference, 5 word block, 
WORDCOUNT. 

Parity is incorrect in ID 
word. 

WORDERR 7 

WORDCOUNT, 5 word block 
WORDERR 7, Time tag ref. 
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Title; 


GC Display Program GflN 622 


Part Of: Downlink Program 


Pur pose : The GC Display Program interprets all GC Display 

- words that are detected as such by the GC Downlink 

Format Program GW X21 and generates CRT displays 
identical in content and format to the on-board space¬ 
craft displays. This program provides ACE-S/C ground 
station test personnel the capability of continuously moni¬ 
toring all spacecraft keyboard displays. 


Calling Sequence: Entry: This program is activated only by the GC Down- 

--- link Format Program whenever it is processing Downlink 

data. 

Data: Input: Inputs to the display program consist of a 
complete 16 bit AGC Downlink Display word. 


Output: Outputs consist of coded CRT display information 
which will be available for input to the Symbol Generator 
System (SGS) memory. 


Normal Exit: Normal exit will be a return to the ACE Executive Program 

““ ’ so it can provide data for program G&N X21. 

Error Exit: Error conditions will cause error information to be 

displayed on the CRT and recorded on the downlink 
file tape. After error recording, control is returned 
to the ACE Executive Program. Error messages are 
detailed in Table 622-3. 

Computation Sequence; Activation of the GC Display Program is attained via the GC 
Downlink Format Program, G&N X21. Inputs to this program 
will be two 8-bit words and a word count value from 79 to 89 
inclusive. The word count specifies the position of the display 
word in the Downlink list which in turn is used to identify the 
specific format of the display word. 

The two 8-bit words constitute a full 16-bit AGC Downlink Display 
word. The format of this word is shown in Figure 622-1. 
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Display Words (Figure 622-1) consist of four parts of coded 
information: 

1. The address in bits 15-12 is not used in Block IL 

Since the display words from the DSPTAB table are 
sequentially transmitted Downlink, the Downlink Format 
Program (G&N X21) will supply this subprogram a word 
count which will properly identify each display word as 
defined in Table 622-1. 

2. The special code in bit 11 specifies a particular discrete 
associated with the Display word. 

3. Bits 10-6 and 5-1 represent Display Codes which are 
associated with specific Display Names. These codes 
specify the numeric character to be displayed according 
to Table 622-2. 

Example: A Display Word with a bit configuration as shown 
in Figure 622-2 and a word count of 83 should cause the ACE 
Display Program to: 

1. Select the Display Word corresponding to associated 
word count 83 according to Table 622-1. 

2. Set the sign of display register (R2) to plus, accord¬ 
ing to Table 622-1. 

3. Set digit 1 of display register (R2D1) to 3 according 
to Table 622-2. 

4. Set digit 2 of display register (R2D2) to 6 according 
to Table 622-2. 

The Display Program is activated by G&N X21 whenever 
display words are to be interpreted. Upon entry from 
G&N X21 the display program switches on the word count 
value to determine which of the 11 display words is to be 
interpreted and displayed. 

Below is a brief description of the action to be taken on 
these display words. (See Figure 622-3 for flow diagram.) 

DISPLAY WORD ACTION 


The special code bit (bitt 11). of these 3 
display words, is meaningless, therefore 
control is transferred to program region 1. 

Go to program region 2. 

Bit 11 of these display words is interpreted 
as follows: 

Set sign indicator of R to plus. 

Do not change the sign indicator of R. 


WORD COUNT 
from 21 

81, 87, 88 or 89 

86 

80, 83 or 85 

bit 11 « 1 
bit 11 * 0 
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Title : Special K-Start Load-Verify, Verify, and Dump Program GW 132 


Part of : Uplink Program 

Purpose: This program is used to check and verify or record the 

contents of AGC erasable memory locations. All data 
to be verified or recorded is specified on pre-punched K-Start 
input tapes. The format of these tapes is defined in 
Tables 132-1 and 132-2. 

Three options have been provided for verification or 
recording. Selection of these options is attained through 
activation of R-Start Module function switches and K-Start 
Module specified in the PR PS. 


Calling Sequence : 

Ent ^ - : This program la activated only by the K-Start Module Program 

(GW 131), whenever It In turn has been activated by K-Start 
Module and also If a particular R-Start Module has been executed. 
Function switches this R-Start Module specify one of three options 
used by GW 132. These are: 

l. Load-Verify - Verify that the data being loaded Into 

erasable AGC memory locations Is Identical 
to the data stored on the K-Start Input tape. 


2. Verify - check and verify that the contents of previously 

loaded and verified AGC erasable memory locations 
have not been altered by Internal AGC functions or 
external Input means. 


3. Dump - Record on the file tape the contents of erasable 
memory locations specified on the pre-punched 
K-Start Dump Input tape. 
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This consists of information received from punched K-Start 
tapes. The data content utilized by thia subprogram con- 
aiata of five bit keycodes plus a parity level. 


Normal Exit : 

1. Return to G1«N lit whenever keytode* are to be checked for validity 
and parity and then tranamilted to the AGC. 

2. Return to Uplink Executive Program when a complete Special 
K.Start tape sequence haa been proceaaed by GkN 132 and 131. 


Error Exit: 

Error condltiona will be diaplayed on the CRT for operator 
action and will alao be recorded on the File Tape. After 
recording, control will be returned to the Uplink Executive 
Program. 

Computation Sequence: 


Activation of thia program la attained via the K-Start Module 
Program, GIN 131, following operator action on an R-Start 
Module and K-8tart Module. Execution of the R-Start muat 
occur before K-Start action. The K-Start execute cauaea the 
ACE Executive to activate GIN 131, which in turn activatea and 
maintaina close interface with GIN 132 provided R-Start Module 
execution la aenaed by GIN 131. If GIN 131 does not detect 
execution of thia R-Start it then treats the K-Start input tape in 
a normal fashion. The paragraphs below represent a description 
of the logic contained in the flow diagram shown in Figure 132-1. 


Program Description : 

Upon entry from GIN 131 various counters and indicators are set 
to specific values depending on which function switch of the R-Start 
Module has been executed. GIN 132 then reads R1 key code characters 
into the CDC and seals the K-Start Module. These keycode characters 
represent the initial VERB-NOUN sequence to be transmitted Up¬ 
link. 

The format of this "record" Is checked for validity. This 
should be either 18 keycode characters for the Load-Verify, 
Verify tape or 12 keycode characters for the Dump tape 
Format non-verification results in a CRT error display. 


M ft 
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file tape recording, K-8tart Module release and program 
control return to ACE Executive. If the Verify option has 
been selected, the one component load Verb-Noun Is changed 
to one component display Verb-Noun (V21N01 to V01N01). 


At this point in the program a loop is set up, based on the 
value of Kl, which loads one keycode at a time into KEY¬ 
WORD and allows GAN 131 to perform its normal function 
of completely verifying each keycode from GAN 132 and 
transmitting each Uplink. (See GIN 131). After all appropriate 
keycodes have been transmitted Uplink, the Flash discrete Is 
obtained from the GIN 122 buffer. A test is made on the Flash 
discrete. If "1" (flashing) GIN 132 delays until the next DSPTAB 
table is displayed by GIN 122 and repeats the "Flash" test. A 
third failure in this area should cause an error exit with a CRT 
error display, file tape recording of pertinent data and a return 
to ACE Executive. 

If the "Flash" discrete is "0" (stop flashing) the program 
delays two seconds and obtains the Rl, R3, VERB and NOUN 
values. This delay is to assure GIN 132 that all pertinent 
AGC DSPTAB updated data has been received by the Display 
Program. Followii* this delay the Verb-Noun combination 
for the particular tape option in progress is checked for 
validity, the input address is oompared against the contents 
of R3, and if the tape option in not "DUMP' the input constant 
is compared against the contents of Rl. Any invalid test 
results in an error exit as specified above. 

Following valid testing, GAN 132 releases the K-Start seal, 
reads one keycode character and checks this code for Key- 
release. Detection of the Key-release code will result in 
K-Start module seal and an exit to GAN 131 for Uplink 
transmission of the Key-release Keycode. When re-entered 
from GAN 131, the K-St art module is un-sealed, KSEQ 
"ok" is displayed on the CRT and GAN 132 returns control 
to the ACE executive. If, however, the first code of the 
"record" is not Key-release. GAN 132 reads R2-1 keycode 
characters into the CDC and seals the K-Start Module. These 
keycode characters represent interim "records" of keycode 
data necessary for the proper operation of the one parameter 
Load or Display Verb-Noun combination in the AGC. The 
format of each "record" is tested for validity. An improper 
format results in an error exit as previously specified. With 
a legal "record" the program sets up a loop, based on the 
K2 value, for Uplink Keycode transmission via GAN in. 
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Following successful Keycode transmission GfcN 132 
obtains pertinent data from the GfcN 122 buffer and repeats 
a sequence of testing as specified above with one additional 
test. If the "DUMP" option is in progress the Rl, R3, 
VERB, NOUN, values. Dump time, and program ID are 
recorded on the Downlink file tape. 


Operator Action : 

Console Operator: 


To activate GI«N 132, the R-Start Module specified in the PRPS must be 
executed. Three options are available: 

1* Select the Load-Verify option. 

2. Select the Verify option. 

3. Select the Dump option. 

In addition to the R-Start execute, the K-Start Module must also 
be activated. 


Jf h !!.! P f r * t0r, !S »Lo include, th. monitoring 

of dl» p Uy. and th. initiation of procedure, ba.ad upon th. 
di.play interpretation. Before initiating action to proce.. 
* K T Sur ‘ «*P* vU GfcN 132 thecon.ole opera," 

ehould check and perform th. following operation.! 


1. Depress the NON-VERIFY switch if the non-verify 

light is on. J 

2. Check the CRT status of: 

a. Accept Uplink discrete for ’’OFF” 

b. TM/Fail discrete for "ON" 

c. Check Fail discrete for "ON" 

If any of these conditions exist. Uplink transmission will 
be inhibited by G&N 131. Recovery procedures for these 
-ndUions are specified in the "K-START Module Program 


After verifying that the above conditions have been fulfilled 
the operator may initiate processing of the Special K-START 
^?M a8 ,o P o r t 8C o r r? A e ^ CRT mon *toring should continue during 
SnS P roce88in g. Illumination of the 

NON-VERIFY light will result in the discontinuation of the 
Special K-START tape processing. When this occurs the 
console operator should record the indicated error in order 
to initiate corrective procedures. The error displayed will 
be one of the following: 
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1. VERROR 1 through VERROR 5 indicates error detection 
in GAN 132. (See Table 132-3 definitions). 

2. PARERR 1, KEYERR 1. Accept Uplink "OFF".™ /Fail 
"ON" or Check Fail "ON" indicate error detection in GAN 

131. (See GIN 131 for definitions). 

An error free K-START tape sequence will result in the CRT 
display of KSEQ 'OK 1 . 

VERROR Recovery Procedures - One of three operator actions 
must be taken if GAN 132 detects an error (VERROR type). 

1. Re-cycle - yhi| gUovg^re-run of the present K-START 

a. Re-load K-START tape to VERB character. 

b. Re-initiate K-START action 

2. Continue - This allows tape operation to continue from 
point of error. 

a. Re-initiate K-START action. 

3. Abort - This terminates processing of the present K- 
START tape sequence. 

a. Manually insert "ERROR-RESET" Keycode to allow 
GAN 132 to 'unseal' the R-START module. 


Spacecraft Operator ; 


No activity required. 


Uplink Requirements: 


DTCS Transmission: The word transmitted Uplink is 
identified in the Computation Sequence section of GAN 131. 

DTCS Stimuli: None 

Transmission Time: As required 

Filing: All K-START command information will be 
recorded on the command tape by GAN 131. 
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Downlink Requirements: 

CRT Display: This information is detailed in the program 
flow chart and consists of KSEQ 'OK' if no errors occur or 
program error displays if any are detected by either GAN 
132 or GAN 131. If the test is aborted by means of the 
"ERROR RESET" code KSEQ 'NG' will appear on the CRT. 
Error displays are defined in Table 132*3. The ACE Requirements 
Specification contains the CRT scope page and line information. 

Filing: The File Tape recordings are detailed in the pro¬ 
gram flow chart (Figure 132-1) and Table 132-3. 


Definition of terms used in this subprogram are as follows: 


1. Flag - Program indicator specifying one of three 
program options. 

2. K1 - Counter which specifies the number of keycodes 
to be initially transmitted to the AGC. 

3. K2 - Counter which specifies the number of keycodes to 
be transmitted to the AGC after initial transmission. 

4. R1 - Counter which specifies the number of keycode 
characters to be initially read and processed. 

8, R2 • Counter which specifies the number of keycode 
characters to be read and processed after the initial "record". 


6. KEYWORD - Register containing 8-bit keycode 
for GAN 131 processing. 

7. VERROR - Indicator set by GAN 132 whenever 
errors are encountered. (See Appendix IV). 

8. KSEQ - CRT indicator set to display 'OK' if a com¬ 
plete Verb-Noun sequence is verified error free. Set to 
'NG* if test is oborted due to error detection. Entry to 
GAN 132 blanks OK or NG. 

9. BLKCNT - Value, if any. specifies K-START data 
block being processed when an error is detected by GAN 

132. 


10. WDCNT - Value, if any, specifies last tape input 
character which was detected as an error by GAN 132. This 
Word Count is used in conjunction with the Block Count error. 
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This program relies on GAN 131 for uplink transmission of key codes. 


TAPE FORMATS 


Load-Verify and Verify Tape 


| HEADER 

_1 

1 Verb 21 Noun 01 ENTER 

4 octal digit address 

ENTER 

5 octal digit constant 

ENTER 

ENTER 

4 octal digit address 

ENTER 

5 octal digit constant 

i 

• 

ENTER 

« 

t 

ENTER 

4 octal digit address 

ENTER 

5 octal digit constant 
STOP KEYRELEASE 

ENTER 


Table 132-1 


DUMP TAPE 


HEADER | 

Verb 01 Noun 01 

ENTER 

4 octal digit address 

ENTER 


ENTER 

4 octal digit address 
« 

• 

ENTER 

t 

« 

• 

ENTER 

4 octal digit address 

ENTER 

STOP KEYRELEASE 



Table 132-2 
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Table 132-3 

CRT ERROR DI SPLAY DEFINITION 


Error 


K-Start 

Module 

Display 

File Tape 

Recording 




Improperly formatted 

K-Start tape. 

VERROR1 

Non-Verify 

VERROR 1, Time 

Tag, Data '’record*’* 
BLKCNT, WDCNT. 

Flash discrete 'ON*. 

Load or display Verb- 
Noun address and/or 
data values not accepted 
by AGC. 

VERROR 2 

Non-Verify 

VERROR 2, Time 

Tag, Rl, R3, VERB 
NOUN, Flash dis¬ 
crete, and Data 

Record, BLKCNT, 
WDCNT. 

DSPTAB Verb-Noun 
not same as input 

Verb-Noun. 

VERROR 3 

Non-Verify 

VERROR 3, Time 

Tag, Rl, R3, VERB 
Noun, and Data 

Record, BLKCNT, 
WDCNT. 

DSPTAB address (R3) 
does not verify with 
input address. 

VERROR 4 

Non-Verify 

VERROR 4, Time Tag, 
Rl, R3, VERB, NOUN, 
and Data Record, 
BLKCNT, WDCNT. 

DSPTAB constant (Rl) 
does not verify with 
input constant. 

VERROR 5 

Non-Verify 

VERROR 5, Time Tag, 
Rl, R3, VERB, NOUN, 
and Data Record, 
BLKCNT, WDCNT. 
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Title: 


GAN High Rate Channel Control Program GIN 141 


Part Of: 


Communication Program 


Purpose: 


This program controls the switching of selected signals 
for transmission over the 400 sample/second high rate 
sampling channel* 


r.nw seouencei Entry: This program will operate under Executive Con- 

- trol and will be initiated from the C-START module specified 

in the PRPS. 

Data: C-START Module data entry - Window ten <10) # 
eight (8) and seven (7) are set to desired characters* 

Normal Exit: Return to Executive Control 

Error Exit: None required 


Computation Sequence : 

This program is entered from the Executive Program m 
when requested by the C-START module. Selector 
switches eight (8) and seven (7), are utilized for high *■— 
rate channel selection, while selector switch ten (10) , 

(leftmost selector switch) will be utilized for program 
identification. Selector switch ten (10) will be tested, 
and when found to contain the digit two (2), will cause 
entry into the high rate channel select program. Selector 
switches eight (8) and seven (7) will be tested to determine 
which measurement, if any, is being requested. If the 
code contained in windows eight (8) and seven (7) exceeds 
the limits of the matrix (i. e. greater than 32 decimal) 
the program exits to Executive Control. If the code is 
a valid code, the program tests to determine if the code 
is the same as the code for the measurement presently dis¬ 
played. In the event that the selection has not changed, the 
signal selection command is ignored and control is returned 
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to the Executive Program. If the code contained in windows 
eight (8) and seven (7) is a code for a new measurement, 
the program will then cause the computer to generate the 
commands necessary to remove the previously selected 
signal from the matrix and by energizing one or more of the 
ten high rate control relays in the DTCS, cause the new 
signal to be switched onto the 400 S/S channel. The relay 
assignments will be specified in the PRPS. Figure 141*1 Is a 
representative flow diagram of this subprogram. 

Ooerator Action: Console Operator action is required to initiate this program 

by C-START selection of the high rate signals. The sequence 
is as follows: 

a. The desired program identification digit 
(2) is entered into selector switch ten (10). 

b. The desired measurement identification digits 
are entered into selector switches eight (8) and 
seven (7). 

c. The XEQ/SEAL Switch is depressed. 

Spacecraft Operator: No activity required 


Uplink Requirements; 


AGC Transmission: None 

Time of Transmission: Not defined 

Filing Requirements: Measurement ID, time tag 


Downlink Requirements : 

CRT Display: The following CRT display is required 
’’High Rate Meas. CG X X X X", where CG X X X X 
refers to the NASA measurement number of the particular 
measurement selected. 

Filing Requirements: None 
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Remarks: The required high rate channel information should be obtained 

from the Program Requirements Process Specifications for 
the vehicle to be tested. 
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Title: 

Part Of: 

Purpose : 


Special IMU Processing, Block I Mod I GIN 152 


Communication Program 


This program converts the IMU IX gimbal resolver 
sin and cos PCM values to degrees for display on the 
CRT. 


Calling Seq uence: Entry: Entry into this program will be under oontroi of the 

downlink control program. 

Data: 


Inputs: The input data for this program consists 
of a) one set of calibration points for each of the 
six measurements; b) six PCM values at the rate 
of once per second representing the following 
measurements: 


0 2112 , 

IGA 

IX 

RES 

SIN 

O 2113 

IGA 

IX 

RES 

COS 

O 2142 

MGA 

IX 

RES 

SIN 

G 2143 

MGA 

IX 

RES 

COS 

G 2172 

OGA 

IX 

RES 

SIN 

G 2173 

OGA 

IX 

RES 

COS 


Outputs: The output will consist of the three 
gimbal angles in degrees which are to be dis¬ 
played on the CRT. 

Normal Exit: Control is transferred back to the downlink 
control routine at the end of this program. 


Computation Sequence: 

The calibration data for each of the six measurements 
will consist of six points which will be the PCM counts 
corresponding to 0°, 9°. 18°, 27°. 36°, and 45° for each 
sin resolver or 90°, 81, 72°, 63®, 54° and 45° for each 
cos resolver. 
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Typical outputs from the sin and cos resolvers for one 
revolution are shown in the figures below* 

Figures 152-1 and 152-2 show the ideal case when saturation, or 
peak voltages Epg and E^, occurs at VI 4. The pre¬ 
sent signal conditioners will have a saturation point at 
about 74° for the sine resolvers and about 16° for the 
cosine resolvers* Hence, the calibration data for 45° 
for each measurement will be less than 254 PCM counts* 



FIGURE 152-1. SIN RESOLVER OUTPUT 



FIGURE 152-2. COS RESOLVER OUTPUT 
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The Inner gimbal angle la determined by using measure¬ 
ments G 2112 and G 2113. First the measurements 
are used to determine the quadrant. Then the sine measure¬ 
ment is compared with the input for the sine 45°. If the 
measurement is less than the sine 45° (input), the sine is 
used to determine the angle 9. If the sine measurement is 
greater than the sine 45 <r (input), then the cosine measure¬ 
ment is used to determine the angle Since the calibrated 
data covers only the first quadrant it may be necessary to 
complement the PCM value in order to obtain a count in 
the first quadrant. It should be noted that there are five (5) 
straight line segments which are used for the conversion from 
counts to degrees for the sin and five (5) segments for the 
cos in the first quadrant. After the angle is determined it 
is corrected for quadrant and displayed on the CRT. 

Measurements G 2142 and G 2143 are used to determine 

the middle gimbal angle in the same manner as described 

above. 

Also using the same method, measurements G 2172, and 
G 2173 are used to find the outer gimbal angle. 


Since each of the six measurements are 10 samples per 
second and the CRT is updated once a second, the last 
sample each second is used to determine the value of 
the angle to be displayed. 


Operator Action: Control Room Operator: No activity required 

' Spacecraft Operator: No activity required 


Uplink Requirements: 

None 


Downlink Requirements : 

Measurement ID: The six measurements are listed 
under Input data. 
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Range: Each angle has the range of + 180°. 

CRT Display: Each angle will be displayed to the 
nearest degree. The CRT format is as specified in the 
programming requirements document for the vehicle 
to be tested. 

Filing Requirements: None required 


Remarks ; 

Flow Chart Definitions ; 


(SIN 9 ) - 

o 

Incoming PCM value for the SIN measurement 

(COS#-) 8 - 

Incoming PCM value for the COS measurement 

CISj - 

Calibration input for SIN measurement at point 1 
(i. e. # 0° for SIN). 

CICj - 

Calibration input for COS measurement at 1 

(i. e., 90° for COS). 

C1S 6 - 

Calibration input for SIN measurement at point 6 
(ie. e., 45°) 

CIC e - 

Calibration input for COS measurement at point 6 
<i.e.. 45°). 
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Figure 152-3 (1 of 3) 
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Title: 

ACE-S/C Error Reset Program GIN 171 

Part Of: 

Downlink Program 

Purpose: 

This subprogram resets the error displays on the CRT 
display unit to give a M no error” indication for the ACE- 
S/C subprograms utilized with the Block I GIN system. 
These error displays allow monitoring of the ACE system 
operation during GIN system test. 


Sequence: Entry: This subprogram operates under executive con¬ 

trol and is initiated from R-START module specified in the PEPS. 

Exit: Return to Downlink Executive Program after error 
displays are reset. 


Computation Sequence: 


The error displays reset by this subprogram are listed 
below, along with the ACE-S/C subprogram that generates 
them during its operation. The CRT page and line location 
for each error display is detailed In the Program Requirements 
Process Specification. 

GAN Program No. 

101 
102 
103 
121 

GAN Program No. 


122 

131 

132 
181 

Each error display consists of a variable segment (under¬ 
lined) which signifies the type of error condition occuring 
in a particular ACE program, and a fixed title segment. 
When initiated by the operator, this subprogram will blank 
out the variable segments of the error displays. 


Error Indication 

TIME ERROR (1). 

TIME ERROR (2 or 4) 

TIME ERROR (3) 
WORDERR (1 or 2) 

E rror Indication 

MARKERR (1 or 2) 
SYNCERR (2 or 3) 

RELERR (1) 

PARERR (1)_ 

KEYERR (1)_ 

VERROR (1, 2, 3, 4, or 5) 
FSERR (1) 
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Operator Action: Console Operator: Operator action is required to initiate 

-this subprogram via the R-START module. 

Spacecraft Operator: No activity required 


Uplink Requirements: v 

The ACE Uplink System is not utilized. 


Downlink Requirements: 

PCM data stream is not required by this subprogram. 
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Title: 


PIPA Switching and Stabilization Loop Response Test GIN 181 


Part Of: Uplink Program 

Purpose: This program enables a step voltage input into the stabilization 

loop, for the stabilization servo loop response test, and display 
of the PIPA signal generator outputs. 

Calling Sequence : Entry: 

1) This subprogram will operate under executive control 
and is Initiated from an R-START Module specified in the 
PRPS for the stabilization loop response test. 

2) This subprogram is also initiated via a specified R-START 
Module to allow monitoring of the PIPA signals. 

Data: Inmit to this subprogram is supplied by the CUE 
upon R-Start execution. This data includes the start 
module address and the status of the function switches. 

Output from this subroutine consists of a series of relay 
command words. 

Normal Exit: Return to Uplink Executive Program. 


Error Exit: CRT error display and Uplink Command Tape recording, 
prior to transfer to the Uplink Executive Program. 

Computation Sequence: 

Upon R-START execution, this subprogram checks to determine if 
more than one function switch has been depressed. If so, this program 
generates an error message for display and recording purposes, blanks 
out current CRT display and transfers control to the Uplink Executive 
Program. 

The subprogram also checks to see that there was no more than one 
change in state from the function switches at the previous XEQ. If 
there has been more than one state this program generates an error 
message for Uplink Command Filing and transfers control to the Uplink 
Executive Program without transmitting relay command words Uplink. 

A single function switch depression, with only one change of state 
present, enables the assembly and transmission of relay command words 
Refer to the Vehicle Program Requirements Process Specifications for 
R-START function switch setting and DTCS addresses. 
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Operator Action: Console Operator: R-START execution is required to 

initiate this subprogram as given below. 

A) Stabilization Loop Stfep Input 

1) The intended status of the relays is selected by 
depression of the function switches. 


2) The step input is applied to the particular IRIG 
upon depression of the XEQ switch. 

3) The removal of the step input is accomplished by 
again depressing the function switch so that no switches 
are illuminated, followed by the XEQ switch. 

NOTE: When selecting a series of step inputs, item 3) 
should always be used to insure that the bank of relays 
are reset, prior to selecting a new step input. 

B) PIPA Signal Display 

The operator action required for this function is similar 
to that described for the stabilization loop step input, 
with the exception of the R-START module location. Oily 
one PIPA signal is displayed at a time and is accomplished 
by means of the function switch selection as given under 
Computation Sequence. To remove the PIPA display re¬ 
quires that the operator depress the function switch again 
and then the XEQ switch. 


Spacecraft Operator: No activity required. 


Uplink Requirements: 

DTCS Transmission: A twenty-four bit command word 
is compiled in the Uplink computer containing the carry- 
on" relay address and the relay status. 

DTCS Stimuli: The relay addresses are listed in the 
Vehicle PRPS. 


4-181.2 


298 



APOLLO GAN Specification 
ND1002319 REV 


Transmission Time: During G&N system test, the 
sequence of subprogram initialization, will be speci¬ 
fied in the "Operational Checkout Procedures". All 
other times, the transmission time will be as required. 

Filing Requirements: The complete command history 
is recorded on the Uplink Command tape. 


Downlink Requirements : 

CRT Display 

1) A display occurs to identify a particular PIPA 
measurement, appearing on the oscilloscope. The 
display consists of the following format: 

’•PIPA ME AS. 2XX” 

where XXX « REF. X, Y or Z. 

The variable portion of the format (underlined) will 
appear upon operator selection of a PIPA measurement. 
This display will be blanked when operator action removes 
this selection by means of the function switches. 

2) An error indication is displayed in the following format 
"FSERR 1". Refer to the "Program Requirements Process 
Specification" for details on CRT page and line information. 
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Tlt l e; GW Downlink Edit Program - Block II and IHi 


Ri—hartGItN No. 210 

Purnoac- The GW Downlink Edit Program strips outs, interprets and presents 

all or any part of the Command Guidance Computer (CGC) and the 

Guidance Computer (LGC) data recorded on the POi Data Tape* 


Input: 


Output: 


General 

Program 

Description: 


Printing: 


Execution: 


Data 

Rate: 


The inputs to this program are: 

1) PCM Data Tape or Compressed Data Tape containing OGC/lfiC data. 

2 ) Edit Parameters (cards or tape) 

3 ) Control cards 

The output from this program is a printed listing of COC/UJC 
Downlink data taken from the PCM Data tape or COT for the 
intervals requested and processed and displayed in the manner 
defined by the Edit Parameters. 


The 0« Downlink Ed It-Block II is divided Into two segments 
to minimize the impact of changes in the input data format. 

The two segments are: 

1) EXECUTIVE SEGMENT - This segment prepares the Edit Parameters 
for use, processes the Control Cards, extracts the COC/IGC 
data from the PCM Data tape or COT for the intervals defined, 
validates this data and transmits it to the next segment. 

2) PRESENTATION SEGMENT - This segment receives the COC/lGC 
data and the Edit Parameters from the Executive Segment 
and processes and prints out this data in the m a nn er 
prescribed by the Edit Parameters. 

Printing will be once every complete cycle through the Downlink 
list. The Downlink Edit Format Tables will define either an 
entire page to be printed (over 6 lines per ID) or a subpage 
(6 lines or less) to be printed under line count control. 


In most cases, it will not be necessary to see all the data on 
the PCM Data Tape or COT. The intervals to be processed will 
be specified in the Zulu Time as it appears on the PCM Data 
Tape or COT and will be input to the program on control cards. 


OGC/LGC Data is recorded on analog PCM Data Tapes at bit rates of: 


1 ) 204.8KBS 

2 ) 51.2KBS 

3) l.bKBS 

This program must be able to process 
these rates. 


data at any and all of 
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WORD COUNT 
from 621 

79, 82 or 84 


bit 11 * 1 
bit 11 « 0 


DISPLAY WORD ACTION 


Bit 11 of these display words is 
interpreted as follows: 

Set sign indicator of R to minus. 
Set sign indicator of R to blank. 


In both cases the program continues to region 1. 


NOTE: Words with word counts 84 and 85 set the sign 
of Rl; words with word counts 82 and 83 set the sign of 
R2; words with word counts 79 and 80 set the sign of R3. 


Region 1 - extracts the relay code corresponding to bits 
10-6 of Hie Downlink word and checks it against 
Table 622-2 for legality. If the code is legal the indicator 

is set to display the digit from Table 622-2 followed by 
a transfer to Region 2. If the code is not legal clear the 
sign display indicator and initiate m relay-error exit. 


Region 2 - extracts the relay code corresponding to bits 
5-1 arufchecks it against Table 622-2 for legality. If the code 
is legal the indicator is set to display the digit from Table 
622-2 followed by a return to the ACE Executive Program. If 
the code is not legal clear the sign and first digit display 
indicators and initiate a relay-error exit. 


Filing Requirements: (Applicable until the Downlink File capability is removed.) 

Upon detection of an error the appropriate records should 
be made on the file tape. These are given in Table 622-3. 

An R-START is to be used to transcribe the entire display 
on the fUe tape. This R-START will be interrogated after 
the processing of the 11th display word (word count * 89). 

If the R-START is selected and the display has changed since 
the last recording, the entirTlIisplay is to be recorded (in¬ 
cluding FLASH and UPLINK indicators). If either the R- 
START is not selected or the display has not changed, no 
recording should be ma"cle. The recording should be prefaced 
by *622 Display Recording’. 


Display Requirements: The CRT Displays required in error conditions are given in 

Table 622-3. They and the DSKY CRT displays will be formatted 
on the pages defined in the ACE Requirements Specification. 
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16 BIT GC DOWNLINK DISPLAY WORD 


Address 


Special 

Code 


Relay 

Code 


Relay 

Code 


Parity 


i 

D 

D 

B 

BB 

D 

D 

n 

D 

B 

fl 

B 

B 

BB! 


Figure 622-1 


DISPLAY WORD EXAMPLE 


Address 


Special 

Code 


± 


Relay 

Code 


1 0 1 0 1 0 i 0 l i 1 \ 1.1.1 1 


Relay 

Code 


Parity 

0 ol 1 I 


Figure 622-2 
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Table 822-1 

Table of DISPLAY Words 


Associated 

Word 

Count 

Address 

Bits 15-12 
Binary Code 

Special Code 

Bit 11 

Display Name 
Relay Code for 
Bits 10-6 

Display Name 
Relay Code for 
Bits 5-1 

89 

N 

— 

MD1 

MD2 

88 

O 


VD1 

VD2 

87 

T 

— 

ND1 

ND2 

86 



— 

R1D1 

85 

U 

♦ HI 

R1D2 

R1D3 

84 

S 

- R1 

R1D4 

R1D5 

m 

E 

♦ R2 

R2D1 

R2D2 

82 

D 

- R2 

R2D3 

R2D4 • 

81 


— 

R2D5 

R3D1 

80 


♦ R3 

R3D2 

R3D3 

79 


- R3 

R3D4 

R3D5 


Table 622-2 

5 Bit Relay Codes for Numeric Character Display 

BLANK 00000 - 

0 10101 

1 00011 

2 11001 

3 11011 

4 01111 

5 11110 

6 11100 

7 10011 

8 11101 

9 11111 
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Table 622-3 


ERROR DESCRIPTION 


CRT STANDARD 

ERROR DISPLAY MESSAGE ON 

FILE TAPE 


A word has appeared RELERR1 

containing a relay code 
which is not in Tabic 622-2. 


622 RELERR1, 
16-bit word, 
time tag. and 
ID code 
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Figure 622-3 
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Title: 
Part Of : 
Purpose: 


Calling Sequence: 


Computation Sequence: 


LGC Downlink Interpretation Program, LEM GIN 624 
Downlink Program 

This subprogram defines the interpretation of the LGC Down¬ 
link Data which is required for ACE-8/C console operator usage 
and information. Four downllsts are to be processed by this 
subprogram for post-installation testing. The second word of 
the identification group for all downllsts is identical, i.e., 

00437g. Lists with a first ID word of 00321g or 01610g shall 
be processed entirely as described in Table 624-1. For lists 
with the first ID word 01437 g or OOOOlg, words 3 through 76 
should not be processed, but words 1,2, and 77 through 100 
should be processed as described in Table 624-1. 

Entry: This subprogram is activated by the LGC Downlink 
Format Program, G&N 621, whenever the format Program 
is processing Downlink Data. 

Data Input: Input from G&N 621 to the Downlink Interpretation 
Program consists of a 16-bit LGC Downlink Data Word. Two 
types of LGC words will be processed by GIN 624: 

1) Identification: This word specifies the data list 
which is being received by GIN 624. 

2) Data: Actual LGC data words. The position in the 
list identifies the data being processed. 

Data Output: Output will consist of CRT displays and processed 
parameters stored in temporary buffers for use by other ACE¬ 
S/C GIN Subprograms. 

Normal Exit: Return to ACE Executive Program which will 
supply more data to GIN 621. 

Error Exit: None. 

The downlink list for the LGC is transmitted once per second 
and consists of 100 words (two per prime frame). Each prime 
frame consists of five 8-blt PCM words which contain a 1-bit 
word order code, two 16-blt LGC words and seven extra (0) bits: 
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BIT 

WORD 1 WOC S/15 14 13 12 11 10 9 

WORD 28 7 658321 

WORD 3 P S/15 14 13 12 11 10 9 

WORD 48 7 6 5432 1 

WORD 5 P 0 0 00000 

The Word Order Code (WOC) ia 0 for an ID word and 1 for data worda. 

P is a Parity Bit 
S Is a Sign Bit 

Table 624-1 describes the contenta of the liat and providea the proceaaing 
requirements for each word. 

Operator Action: None 

Uplink Requirements: None 

Downlink Requirements: CRT Display: The ACE-S/C Programming Requirements 
Documents contain the CRT scope and line information 
associated with displays referenced in this subprogram 
specification. 

Filing Requirements: None. 
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NOTES: 

h/a 

(•) 

<b) 

(c) 


(a) 

(e) 

(f) 

(g) 

(h) 
( 1 ) 


TABLE 624-1 (Continued) 


Not Applicable. 

If the bit Indicated equals one, display the word underlined. 

If the bit indicated equals zero, display the word in parentheses. 

If either bit eqmls one, display the word underlined. 

If both bits are zero, display the word in parentheses. 

Combine the Ik magnitude bits of the most significant (MS) part 
with Ik magnitude bits of the least significant part(LS). The 
decimal conversion should be made only after the two parts 
of the double precision word have been sign checked. The 
signs appear in bit 15 of each word. See "Remarks" for a 
method for handling double precisian words. 

Some as (b). 

NOTE: This double precision word must be scaled two ways 
each of which is displayed. 

Store bit status for GAN 6 31. 

Store values for GUI 602. 

Store bit status for GUV 622 and 632 . If the indicated bit Is 
a one, set the SGS Discrete for VERB-NOUN FLASH. If the bit is 
zero, clear the discrete. 

If the bit indicated equals one, set the SOS Discrete that 
displays the word in the display column. If the bit equals 
zero, remove the appropriate SGS Discrete. 
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REMARKS • 


Method of Handling Double Precision LOC Downlink Worda 


Figure 624-1 is a flow diagram of a scheme for handling the double precision 
(DP) LGC downlink words. Each word consists of a sign bit (the high 
order bit), fourteen data bits and a parity bit (low order bit) for odd 
parity. The downlink words A and B may be in one of four conditions; 
plus zero (OOOOOfc), minus zero (777770), positive non-zero or negative 
non-zero. 

Tests sure made on the sign and magnitude of A, and depending on the 
results, similar tests are made on B as outlined in Figure 624-1. In the 
cases where A is plus or minus zero, the sign of B shall be the con¬ 
trolling sign. 

In cases where A is non-zero and B is of opposite sign, the conversions 
to A and B are made as shown in Figure 624-1, thereby forcing the sign of 
B to agree with the sign of A. 

Prior to combining the DP words into a single quantity, the 8 and P 
bits are dropped. Converted B is then added to converted A X 2, and 
the resulting 26 bit word is converted to decimal, scaled and displayed 
on CRT with a sign as specified in the flow diagram. 
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Title: K-START Module Program G6N 631 


Part Of: Uplink Program 


Purpose: This subprogram accepts data input in the form of GC 

- c keycodes from the punched tape reader or the keyboard, 

via the K-START module. These keycodes are checked for 
correct parity and valid codes and then formatted into a 
command word for eventual transmission to the External 
DTCS. The status of the Uplink system and the GC is 
monitored, and the Uplink command sequence is controlled, 
to the acceptable input rate of the GC. 


Calling Sequence: Entry: This subprogram operates under Uplink Executive 

Program control and will be initiated from K-START module. 


Data: This consists of information received either from 
K-START punched tape, (the automatic mode) or from the 
K-START keyboard (the manual mode). The data content 
utilized by this subprogram consists of a five bit keycode plus 
a parity level. 

Normal Exit: Return to Uplink Executive Program 

Error Exit: Error conditions will be displayed for the 
operator on the CRT and recorded on the Command Tape. 
Those error conditions are subsequently described in Table 
631-1. 
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Computation Sequence: 

This subprogram is initialized upon operator action by 
means at the K-START module, either in manual or auto¬ 
matic modes. A five bit keycode (see Table 631-2) as pre¬ 
viously mentioned is generated by internal logic upon 
depression of a keyboard switch or by punched tape input 
via the tape reader. A transfer to GAN 632 takes place 
if an R-START module execute is detected. 


The format of the paper tape entry is shown below. 


1 0 

LSB 

/ • 


/ 0 




( ® 

MSB 

• 

Sprocket 

© 

Stop 

• 

Skip 

l _ L 

Parity 


5-Bit 

Keycode 


During keyboard entry, the stop and skip positions will contain 
zeroes and the parity bit is generated internally upon depres¬ 
sion of the keyboard switch. 

Once a keycode is received by GAN 631, no other data is 
allowed into this subroutine until so commanded, to ensure 
that the GC receives Uplink commands at the correct 
transmission frequency. The keycode is checked with the 
parity bit to assure that odd parity exists. In the event of a 
parity error, a CRT display occurs, combined with the 
non-verify" lamp display to inhibit further entry through 
the K-START module. A normal Command Tape recording 
occurs for post test analysis. If parity is odd, a check is made 
on the validity of the received keycode, by means of table 
look-up. A CRT display occurs with a "non-verify" light to 
indicate an invalid keycode and to inhibit further commands. 

A normal Command Tape recording occurs for poet test analysis. 


A valid keycode is then transformed into a 16-bit GC Uplink 
Word format and combined with the DTCS GAN buffer address 
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and required control bits as shown below. 


G&N UPLINK WORD FORMAT 


2 


23 


X 


xxxx, 

G&N 

Buffer 

Code 


X 


O/F 

Bit 


XXXXX MK 


XXXXX, X X 


2 ° 


X 


15-Bit Command 


Control 

Bits 


Prior to transmittal of a sequence of command words, a 
sequence of tests are made on the incoming keycodes to de¬ 
termine if the command sequence contains a V36.V40 or V42. If so,, 
two GC discretes are monitored, namely the "Gimbai Lock" 
and the "IMU Operate". If both discretes are set to a "one" 
state, then a "non-verify" display will occur on the K-START 
and the next <ceycode will not be transmitted Uplink. 

Another discrete is monitored, the "Operator Error" flashing 
discrete (Channel 11, bit 7). An error status will cause this 
subprogram to terminate the processing of GC commands 
by inhibiting further K-START data entry with a "non-verify" 
signal. A normal system recording will occur on the command 
tape as specified in Table 631-1. 


The final discrete tested is GC word UP LOCK, bit 1. A 
"one" state will result in a test for an "alarm reset" keycode. 
If this code is available, then two commands will be trans¬ 
mitted at the correct frequency. The first command will zero 
the GC Uplink register and the second, namely, the "reset" 
keycode will possibly reset the alarm indication triggered 
by UP LOCK, bit 1. The "zero" state for this discrete, will 
allow the subprogram to continue and transmit the commands 
to the GC with subsequent recordings on the command tape. 

The K-START module is sealed after receipt of a keycode, 
to allow the correct transmission frequency to the GC to be 
utilized. The sealing can occur as soon as a "good" CSR is 
received from the DTCS, after which a time delay 
is utilized to give an approximate maximum input rate to tne 
GC of six keycodes /sec. 

A "bad" CSR response should cause the K-START to display 
a "non-verify" and subsequently be unsealed, to allow further 
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operator action to be taken. R should be noted at this point, 
that as the state of the above mentioned discretes can change 
at a maximum of only once every second, approximately eight 
commands could be transmitted Uplink before repeating discrete 
testing. Figure 631-1 is given as a representative flow, to 
convey the intent of the subprogram operation. 

During the processing of the input keycodes a test is made to 
determine whether the range time since "Sealing" the K-START 
module is greater than or equal to the time delay factor entered 
via C-START C1S6. If so. the verify indication is displayed and 
the subprogram then transfers control to the Uplink Executive 
program. If not, the module remains "Sealed" to inhibit further 
input through the K-START module until the time delay has elapsed. 
This regulates the input rate of keycodes to the GC. A nominal 
time delay factor is 90 milliseconds. 

Console Operator: Operator action is required to initiate this 
sub-program by entering data via the K-START module keyboard 
or tape reader. 

When a NON-VERIFY display occurs, further character entry 
is allowed after depression of the NON-VERIFY switch. 

For tape mode of operation enter 3100000XXX into C-START. 

XXX is the time delay factor in milliseconds. 

The operator's responsibility includes the monitoring 
of displays and the initiation of procedures based upon 
the display interpretation. Normally the status of the 
"Accept Uplink" discrete was processed by the K-START 
module subprogram (GAN 631) prior to transmission of 
data Uplink. However, this discrete is now permanently 
wired to give a display of "Accept Uplink On , therefore 
no testing of this bit by this subprogram (GAN 631) takes 
place. If the "Operator Error On" condition appears, this 
subprogram will inhibit data transfer through the K-START 
with a non-verify. The operator will reset this 'Vion- 
verify" switch and insert a "reset" keycode to clear the 
"Operator Error" display. Then correct the illegal data 
sequence and re-enter through the K-START. 
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An "UPLOCK bit *" display will again inhibit data transfer 
through the K-START. The operator will reset the "non- 
verify" and insert a "reset" keycode to clear the discrete. 

The subprogram will then transmit a "zero" message 
followed by the "reset" keycode. This may reset the 
"UPLOCK* discrete and the operator can continue his 
interrupted sequence of commands by re-inserting the 
previous keycode. 

Two other conditions cause this subprogram to inhibit data 
input through the K-START, they are a parity error and an 
invalid keycode. The operator will release the non-verify 
and apply corrective measures to the input. 

If a "Keyerr 2" CRT display occurs, then the operator 
should re-insert the "Verb 36 Enter" sequence after moni¬ 
toring the "Gimbal Lock" and "IMU Operate" discrete displays. 

Commands inserted via the keyboard will be verified by 
means of the "closed loop" display, which depicts the GC ( 
DSKY status on the CRT, prior to depression of the Enter 
keycodes. The punched tape input, if visual verification is 
desired, should contain strategically located stop codes 
I in the Verb/Noun and parameter sequences, to allow the 
operator time to perform verification. 

Spacecraft Operator: No activity required. 

Uplink Requirements: DTCS Transmission: The data word transmitted to the GAN 

—*■ - buffer is identified in the Computation Sequence and will be 

generated as required. . 

DTCS Stimuli: None 

Transmission Time: During GIN testing this will be specified 
in the Operational Checkout Procedure. All other times will be 
as required. 

Filing: 1) All K-START command information will be reoorded 
on the command tape. 

2) Additional recordings for error conditions and discrete 
inhibits are specified In Table 631-1. 
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Remarks: 

Symbol 

KEYWORD 

ZERCODE / 

UPCOM 

Channel 30 
Channel 11 
UPLOCK 
DSPTAB +11 
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CRT Displays: 

1. The time delay factor in XXX milliseconds and the 
appropriate nomenclature. 

2. Program error displays as specified in Table 631-1. 

The Program Requirements Process Specification contains 
the CRT page and line information. 


Definition of Flow Chart Symbols 


Definition 


Contains current keycode to be processed. 


Uplink command to zero the LGC Inlink 
register for resync purposes. 


Contains command word content. 


GC Discrete registers, processed by 
GfcN 624 or 224. 
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Odd parity does not exist 
in the data frame received 
from K-START module. 

An invalid GC keycode has 
been received by this sub¬ 
program. 

An illegal entry of a V36E 
has occured. 


PARERR 1 

KEYERR 1 


KEYERR 2 


This indicates that an incorrect OPERATOR 


keycode loading procedure has 
occured and entry through the 
K-START is inhibited. 



♦These CRT discrete displays are set by G&l 
Program. 
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K-START * Command Tape 

Module Display Edit 

Non-Verify 631. PARERR 1, 

Time Ref. 


Non-Verify 631, KEYERR 1. 

Time Ref. 


Non-Verify 631, KEYERR 2. 

Time Ref. 


Non-Verify 631, Op. Error, 

Time Ref. 


624 ACE-S/C Downlink Interpretation 
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Table 631-2 

■Legal AGC/LGC Kevcodea 


Character 

Code 

0 

MSB LSB 
10000 

1 

00001 

2 

00010 

3 

00011 

4 

00100 

5 

00101 

, • 1 

00110 

7 7 

00111 

8 

01000 

9 

01001 

VERB 

10001 

RESET 

10010 

CEY RELEASE 

11001 

PLUS 

11010 

MINUS 

11011 

ENTER 

11100 

CLEAR 

11110 . 

NOUN 

mil 
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Figure 631-1 (1 of 3) 
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Title: 
Part Of : 
Purpose: 


Calling Sequence: 


Special K-8tart Load-Verify and Verify Profram OMf 632 
Uplink Profram 

This program is used to check and aerify or record the content s 
of GC erasable memory locations. All data to be aerified or 
recorded is specified on pre-punched K-Start input tapes. 

Two options have been provided for verification or recording. 
Selection of these options is attained through activation of 
R-Start Module function switches and K-Start. 

Entry: This program is activated only fay the K-Start Module 
Program (G&N 631), whenever it in turn has been activated 
and also if the R-Start Module specified in the PRPS or PRO 
has been executed. Function switches of this R-Start Module 
specify one of two options used fay GIN 632. These are: 

1. Load-Verify - Activation of the specified R-Start Module 
function switch causes GIN 632 to verify that the data 
being loaded into erasable GC memory locations is 
identical to the data stored on the K-Start input tape. 

2. Verify - Activation of the specified R-Start Module function 
switch causes GIN 632 to check and verify that the contents 
of previously loaded and verified GC erasable memory 
locations have not been altered by internal GC functions or 
external input means. 

Data: This consists of information received from punched 
K-Start tapes. The data content utilized by this subprogram 
consists of five bit keycodes plus a parity level. 

Normal Exit: 

1. Return to GIN 631 whenever keycodes are to be checked 
for validity and parity and then transmitted to the GC 

2. Return to Uplink Executive Program when a complete 
Special K-Start tape sequence has been processed by 
GIN 632 and 631. 

Error Exit: Error conditions will be displayed on the 
CRT for operation action. 
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Activation of this program is attained via the K-Start Module 
Program, GAN 631 following operator action on the specified 
R-Start Module and K-Start Module. Execution of the R-Start 
must occur before K-Start action. The K-Start execute causes 
the ACE Executive to activate GIN 631 which in turn activates 
and maintains close interface with GIN 632 provided R-Start 
Module execution is sensed by GIN 631. If GIN 631 does not 
detect execution of this R-Start it then treats the K-Start input 
tape in a normal fashion. The paragraphs below represent a 
description of the logic contained in the flow diagram shown in 
Figure 632-1. 

Upon entry from GAN 631 various counters and indicators 
are set to specific values depending on which function switch 
of the R-Start Module has been executed. GIN 632 then reads 
the Ri key code characters into the CDC and seals the K-Start 
Module. These keycode characters represent the initial VERB- 
NOUN sequence to be transmitted Uplink. 

The format of this "record" is checked for validity. This 
should be 18 keycode characters for the Load-Verify and 
Verify tape (the tape format defined in Table 632-1.) Format 
non-verification results in a CRT error display, K-Start 
Module release and program control return to ACE Executive. 

If the Verify option has been selected, the one component load 
Verb-Noun is changed to one component display Verb-Noun 
(V21N01 to V01N01). 


At this point in the program a loop is set up, based on the 
value of Kl, which loads one keycode at a time into KEY¬ 
WORD and allows GAN 631 to perform its normal function 
of completely verifying each keycode from GAN 632 and 
transmitting each Uplink. (See GAN 631). After all appropriate 
keycodes have been transmitted Uplink, the Flash discrete is 
obtained from the GAN 622 buffer. A test is made on the Flash 
discrete. If "1" (flashing), GAN 632 delays until the next 
DSPTAB table is displayed by GAN 622 and repeats the 
"Flash" test. A third failure in this area should cause an 
error exit with a CRT error display and a*return to ACE 
Executive. 
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If the "Flash" discrete is "0" (stop flashing)^ the program 
delays until the next DSPTAB table is processed by GAN 622 
and obtains the Rl, R3, VERB and NOUN values. This delay 
is to assure G&N 632 that all pertinent GC DSPTAB updated 
data has been received by the Display Program. Following 
this delay the Verb-Noun combination for the particular tape 
option in progress is checked for validity, the input address 
is compared against the contents of R3 and the input constant 
is compared against the contents of Rl. Any invalid test results 
in an error exit as specified above. 

Following valid testing, G&N 632 releases the K-St art seal, 
reads one keycode character and checks this code for Key- 
release. Detection of the Key-release code will result in 
K-Start module seal and an exit to G&N 631 for Uplink 
transmission of the Key-release Keycode. When re-entered 
from G&N 631, the K-Start module is un-sealed, KSEQ 
"OK m is displayed on the CRT and G&N 632 returns control 
to the ACE executive. If, however, the first code of the 
"record" is not Key-release. G&N 632 reads R2-1 keycode 
characters into the CDC and seals the K-Start Module. These 
keycode characters represent interim "records" of keycode 
data necessary for the proper operation of the one parameter 
Load or Display Verb-Noun combination in the GC. The 
format of each "record" is tested for validity. An improper 
format results in an error exit as previously specified. With 
a legal "record" the program sets up a loop, based on the 
K2 value, for Uplink Keycode transmission via G&N 63L 

Following successful Keycode transmission G&N 632 
obtains pertinent data from the G&N#622 buffer and repeats 
a sequence of testing as specified above. 


Operator Action: Console Operator: To activate Gttf 632, the R-Start Module 

specified in the PRPS or PRD must be executed. Two options 
are available: 

1. One function switch selects the Load-Verify option. 

2. The other selects the Verify option. 

In addition to the R-Start execute, the K-Start Module must also 
be activated. 

The operator's responsibility also includes the monitoring 
of displays and the Initiation of procedures based upon the 
display interpretation. Before initiating action to process 
a Special K-Start tape via G&N 632,the console operator 
should check and perform the following operations: 
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1. Depress the NON-VERIFY switch if the non-verify 
light is on. 

2. Check the CRT status of: 

Operator Error discrete for "ON" 


If any of these conditions exist. Uplink transmission will 
be inhibited by G A N 631. Recovery Procedures for these 
conditions are specified in die "K-Start Module Program 
GAN 631" Computation sequence section. 

After verifying that the above conditions have been fulfilled 
the operator may initiate processing of the Special K-Start 
tape as prescribed. CRT monitoring should continue during 
GAN 632 K-START tape processing. Illumination of the 
NON-VERIFY light will result in the discontinuation of the 
Special K-Start tape processing. When this occurs, the con¬ 
sole operator should record the indicated error in order to 
initiate corrective procedures. The error displayed will be 
one of the following: 

1. VERROR 1 through VERROR 5 indicates error detection 
, in G AN 632 (See Table 632-2 for definitions.) 

2. PARERR 1, KEYERR 1, or Operator Error "ON” 

Indicate error detection in GAN 631. 


An error free K-Start tape sequence will result in the CRT 
display of KSEQ 'OK'. 

VERROR Recovery Procedures 

One of three operator actions must b e taken if G AN 632 detects an error 
(VERROR type). 

L Re-cycle : Ibis allows a re-run of the present K-Start 
tape sequence. 

a. Re-load K-Start tape to Verb character. 

b. Re-initiate K-Start action. 

2. Continue: Ibis allows tape operation to continue from 
point of error. 

a. Re-initiate K-Start action. 
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3. Abort : Ibis terminates processing of the present K-Start 
tape sequence. 

a. Manually insert 'ERROR-RESET' to allow G A N 
632 to "unseal" the R-Start module. 


Spacecraft Operator: 


No activity required. 
Uplink Requirements; 

DTCS Transmission: 


The word transmitted Uplink is identified in the Computation 
Sequence section of G A N 631. 


DTCS Simuli: 


None. 

Transmission Time: 


As required. 


Filing: 


All K-Start command information will be recorded on the 
command tape by G A N 631. 

Downlink Requirements: 

CRT Display: 


This information is detailed in the program flow chart and 
consists of KSEQ 'OK' if no errors occur or program error 
displays if any are detected by either GAN 632 or GAN 
631. If this test is aborted by means of the "ERROR-RESET" 
code, KSEQ 'NG' will be displayed on the CRT. Error displays 
are defined in Table 632-2. Ihe ACE Requirements 

Specification contains the CRT scope page and line information. 
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Remarks: A definition of terms used in this subprogram is as follows: 


L Flag Program indicator specifying one of three program options. 

2. K1 Counter whi ch specifies the number of key codes to be 

initially transmitted to the GC. 

3. K2 Counter which specifies the number of key codes to be 

transmitted to the GC after initial transmission. 

4. R1 Counter which specifies the number of keycode characters 

to be initially read and processed. 

5. R2 Counter which specifies the number of keycode characters 

to be read and processed after the initial "record". 

6. KEYWORD Register containing 8 bit keycode for G A N 631 processing. 

7. VERROR Indicator set by G A N 632 whenever errors are encountered. 

(See Table 632-2.) 

8. KSEQ CRT Indicator set to display 'OK* if a complete Verb-Noun 

sequence is verified error free. Set to 'NG' if test is aborted 
due to error detection. Entry to G & N 632 blanks 'NG' or 
'OK 1 . 

9. BLKCNT Value specifies K-Start data block being processed when 

GAN 632 detects an error. Part of Uplink command tape 
recording. 

10. WDCNT Value specifies last tape input character which was detected 
as an error by G A N 632. This word count is used in con¬ 
junction with the Block Count value. Part of Uplink command 
tape recording. 
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Table 632-1 
TAPE FORMATS 


Load-Verify and Verify Tape 


1 HEADER 

_1 

Verb 21 Noun 01 ENTER 

4 octal digit addreaa 

ENTER 

5 octal digit constant 

ENTER 

ENTER 

4 octal digit address 

ENTER 

5 octal digit constant 
* 

ENTER 


ENTER 

4 octal digit address 

ENTER 

5 octal digit constant 

ENTER 

1 STOP KEYRELEASE | 
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Table 632-2 

CRT ERROR DISPLAY DEFINITION FOR GfcN 632 


Error 

CRT 

Display 

K-Start 

Module 

Display 

Improperly formatted 

K-Start tape. 

VERROR l 

Non-Verify 

Flash discrete ’ON*. 

Load or display Verb- 
Noun address and/or 
data values not accepted 
by GC. 

VERROR 2 

Non-Verify 

DSPTAB Verb-Noun 
not same as input 

Verb-Noun* 

VERROR 3 

Non-Verify 

DSPTAB address (R3) 
does not verify with 
input address. 

VERROR 4 

Non-Verify 

DSPTAB constant (Rl) 
does not verify with 
input constant. 

VERROR 5 

Non-Verify 
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Figure 632-1 (1 of 2) 4-632.9 
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Figure 632-1 (2 of 2) 
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Title: GAN High Rate Channel Control Program GAN 641 

Part Of: Communication Program 


Purpose: This program controls the switching of selected signals 

for transmission over the 400 sample/second high rate 
sampling channel* 

Calling Sequence: Entry: This program will operate under Executive Con¬ 

trol and will be initiated from the C-START module 
specified in the PRPS or PRO. 

Data: C-START Module data entry - Window ten (10), 
eight (8) and seven (7) are set to desired characters* 

Normal Exit: Return to Executive Control 

Error Exit: None required 


Computation Sequence : 

This program is entered from the Executive Program 
when requested by the C-START module. Selector 
switches eight (8) and seven (7), are utilized for high rate 
channel selection, while selector switch ten (10) 

(leftmost selector switch) will be utilized for program 
identification. Selector switch ten (10) will be tested, 
and when found to contain the digit two (2), will cause 
entry into the high rate channel select program* Selector 
switches eight (8) and seven (7) will be tested to determine 
which measurement, if any, is being requested. If the 
code contained in windows eight (8) and seven (7) exceeds 
the limits of the matrix (i* e. greater than 32 decimal) 
the program exits to Executive Control. If the code is 
a valid code, the program tests to determine if the code 
is the same as tne code for the measurement presently dis¬ 
played. In the event that the selection has not changed, the 
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signal selection' Command is ignored and control is returned 
to the Executive Program, If the code contained in windows 
eight (8) and seven (7) is a code for a new measurement, 
the program will then cause the computer to generate the 
commands necessary to remove the previously selected 
signal from the matrix and by energizing one or more of the 
ten high rate control relays in the DTCS, cause the new 
signal to be switched onto the 400 S/S channel. The relay 
assignments will be specified in GAEC or NAA Program Require¬ 
ments Specification. Figure 641-1 is a representative flow 
diagram of this subprogram. 

Operator Action : Console Operator action is required to initiate this program 

by C-START selection of the high rate signals. The sequence 
is as follows: 


a. The desired program identification digit 
(2) is entered into selector switch ten (10). 

b. The desired measurement identification digits 
are entered into selector switches eight (8) and 
seven (7). 

c. The XEQ/SEAL Switch is depressed. 
Spacecraft Operator: No activity required. 


Uplink Requirements: 

GC Transmission: None 
Time of Transmission: Not defined 
Filing Requirements: Measurement ID, time tag 


4-641.2 


339 



APOLLO GW Specification 
ND1002319 REV 


Downlink Requirements: 

Measurement ID: The Measurement ID and description is 
contained in the PSPS or PRD. NOTE: The measurement 
description is NOT displayed on CRT. 

CRT Display: The following CRT display is required "High 
Rate Meas. OG X X X X”, where GG X X X X refers to the 
NASA measurement number of the particular measurement 
selected. The measurement number portion of the CRT dis¬ 
play for channels with no assigned measurements shall be ”XXOOMN M 
where M and N are the numbers from C-START windows 8 and 7. 

Filing Requirements: None 


Remarks: The high rate measurements are sampled 400 samples 

per second, spaced symmetrically in the telemetry for¬ 
mat, by the analog gates in the PCM carry-on system. 
The time duration over which the measurement is re¬ 
corded on the analog recorder is determined by the 
operator. 

• The required high rate channel information for any given 
vehicle will be defined by AC in the Programming Require¬ 
ments issued in a GAEC or NAA process specification. 


Providing an ACE program that will enable switching of all 
32 channels will permit further expansion of the list of high 
rate signals without the need to reprogram the ACE computer. 
Suitable limit checks on the number of measurements avail¬ 
able, perhaps supplied as a card input to the ACE program, 
would prohibit calling up an unused channel. 
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Flow Diagram 
Figure 641-1 
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Special IMU Processing GW 652 
Communication Program 

This program converts the IMU IX gimbal resolver sin and cos 
PCM values to degrees for display on the CRT. This subprogram 
specification is identical to the specification for GW 152 on 
page 4-152.1. 
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ACE-S/C Error Reset Program GW 671 
Downlink Program 

This subprogram resets the error displays on the CRT display 
unit to give a "no error" indication for the ACE-S/C subprograms 
utilized with the LEM Block n GW System. 

Entry: This subprogram operates under executive control and 
is initiated from the R-START Module specified in the PRPS or 
PRD. 


Exit: Return to Downlink Executive Program after error displays 
are reset. 

The error displays reset by this subprogram are listed below, 
along with the ACE-S/C subprogram that generates them during 
its operation. The CRT page and line location for each error 
display is detailed in the Program Requirements Process 
Specification. 

Error Indication GW Program Number 


TIME ERROR J[l} 

601 

TIME ERROR (2. 4) 

602 

TIME ERROR (3) 

603 

SYNCERR (1. 21 

621 or 221 

WORDERR (1. 2. 3. 4. 5. 6) 


RELERR (1} 

622 

PARERR (1) 

631 

KEYERR (11 


VERROR (1. 2. 3. 4. 51 

632 

FSERR (11 

681 


Each error display consists of a variable segment (under* 
lined) which signifies the type of error condition occuring 
in a particular ACE-S/C subprogram* and a fixed title seg¬ 
ment. When initiated by the operator, this subprogram will 
blank out the variable segments of the error displays. 
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Operator Action: Console Operator: Operator action is required to initiate 

“ this subprogram via the R-START module. 

Spacecraft Operator: No activity required. 


Uplink Requirements: 

The ACE-S/C Uplink system is non utilized. 


Downlink Requirements: 

PCM data processing is not required by this subprogram. 
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PIPA Switching and Stabilization Loop Response Test GlrN 681 
Uplink Program 

This subprogram provides step inputs to the IRIG stabilization 
loop, for the servo loop response test and enables display of 
the PIPA signal generator outputs. This subprogram specifi¬ 
cation is identical to the specification for GlrN 181 on page 
4-181.1. 
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